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Introduction 


The 36th annual convention and iron and steel exposition of the Association of 
iron and Steel Engineers will be held in the Stevens Hotel, Chicago, Sept. 24 to 27. 
[t is pointed out that, owing to the tremendous demands heavy operations are placing 
on it, the American steel industry is faced with an immense rehabilitation program. 
Also that owing to the fact that in the last 10 yrs. less than half the annual capacity of 
the industry has been in operation, much of the installed equipment has lain idle and 
suffered marked deterioration and obsolescence. 

These conditions are said to explain in part the fact that over 100 manufacturers 
of steel mill equipment have reserved 85 per cent of the available space in the Stevens 
Hotel. It is assured that thousands of the engineering and operating personnel of the 
steel industry will participate in the showing of the latest designs and developments 
in steel mill equipment and services. 

A thoroughly supervised technical program has been prepared and future and 
present-day demands will be discussed by leading authorities. The tentative technical 
program and a partial list of the exhibitors follow: 
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Two EF gas fired I nter- 
miltent Roller Hearth 
Batch Type Furnaces de- 
signed for the finish an- 
nealing of 6000-pound 
loads of coiled copper and 
copper alloy strip. Arm- 
strong's A-25, N-20, and 
N-16 Brick help conserve 














fuel and promote accu- 
rate temperature control 
in this equipment. 


Tentative Technical Program 


The technical program, a tentative schedule of which follows, has been scrutinized by 
officials of the steel industry. Among some of the subjects to be discussed are: ‘Modern 
Electric Furnace Design and Practice,” ““Welded Construction of Blast Furnace Stoves,” 
“Welded Open-Hearth Design,” “Open-Hearth Furnace Control,” papers on soaking pits 
and pit practice, and discussions on lubrication. 

Attention is called to two inspection trips: One to the new hot and cold continuous 
strip mill at the Indiana Harbor Works of the Youngstown Sheet & Tube Co., and the 
second to the Wisconsin Steel Works of the International Harvester Co. 


TESTED ARMSTRONG’S BRICK 
| AID OPERATING EFFICIENCY 


in recent ELECTRIC FURNACE COMPANY installations 






































HE Electric Furnace Company, Salem, 
Ohio, chose Armstrong’s Insulating Fire 
Brick to conserve fuel, promote more accu- 
rate temperature control, and speed produc- 
tion in the two furnaces shown here. 
Leading furnace builders know that all 
five types of Armstrong’s Brick are con- 
stantly subjected to both laboratory and 
field tests which prove their ability to stand 
) up under all kinds of operating conditions. 
| All Armstrong’s Brick are made with utmost 
care and precision to provide low thermal 
































































































































Three types of Armstrong's Brick (EF-23, A-25, N-16) 
insulate this EF Special Atmosphere Pusher Type Fur- 
nace for scale-free annealing of transformer laminations. 
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conductivity, high physical strength, low 
shrinkage, and ample refractoriness. 
Armstrong makes a complete high tem- 
perature line including cements. Armstrong’s 
experienced engineers will be glad to recom- 
mend the proper brick and cements for 
individual installations. For this service, or 
for complete facts and literature on the Arm- 
strong High Temperature Line, 
just write to Armstrong Cork Co., 
Building Materials Division, 982 
Concord Street, Lancaster, Pa. 








Quick Facts About Armstrong’s 
Insulating Fire Brick 

« Ample insulating value 

¢ High crushing strength 

* Accurate sizing 

« High spalling resistance 

* High salvage value 


* Complete line for wide temperature 
range 


¢ Ability to withstand handling in ship- 
ping and installing 


Special shapes of all types and sizes 











Armstrong's 
HIGH TEMPERATURE 


Color now aids the easy and accurate identification of the five types of Armstrong's Brick. 


INSULATION 






Tuesday, Sept. 24 


Iron and Steel Exposition— 
9:00 A.M.-10:00 P.M. 


9:00 A.M.—REGISTRATION 









9:15 A.M.—BUSINESS SESSION 
Chairman: J. A. Clauss, Chief En 
gineer, Great Lakes Steel Corp., Ecorse 
Mich. 
Vice-Chairman: J. L. Miller, Assi 
Chief Combustion Engineer, Republi 
Steel Corp., Cleveland, O. 


9:30 A.M.—MECHANICAL 
ENGINEERING DIVISION 
Chairman: George H. Rose, Chi« 

Engineer, American Steel & Wire Co 

Cleveland, O. 

Vice-Chairman: T. E. Hughes 
Maintenance Superintendent Carnegi: 
Illinois Steel Corp., Duquesne, Pa. 

“Design and Operation of Gea 
Drives” by F. P. Dahlstrom, Mechan 
cal Engineer, Farrell-Birmingham Co 
Ansonia, Conn. 

"Maintenance Shops in the Stee 
Plant” by T. R. Moxley, General Mas- 
ter Mechanic, Wheeling Steel Corp.. 
Steubenville, O. 

"Diesel Shifting Equipment in the 
Steel Plant’ by E. M. Smith, Assistant 
Sales Manager, Electromotive Corp.. 
LaGrange, IIl. 


1:30 P.M.—ELECTRICAL 
ENGINEERING DIVISION 
Chairman: I. N. Tull, Electrical 

Superintendent, Republic Steel Corp., 

Cleveland, O. 

Vice-Chairman: H. W. Neblett, 
Development and New Design Engi- 
neer, Inland Steel Co., East Chicago, 
Ind. 

“The Application of Demagnetiz- 
ing and IR Drop Compensation to 
Cold Strip Mills” by G. E. Stoltz, 
Manager, Metal Working Engineer- 
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ing, Westinghouse Elec. & Mfg. Co., 
E. Pittsburgh, Pa. 

‘Modern Electric Furnace Design 
and Practice’ by H. F. Walther, As- 
sistant Melting Superintendent, Steel 
and Tube Division, Timken Roller 
Bearing Co., Canton, O. 

“Mercury Arc Rectifiers for Main 
Roll Drives’ by L. A. Umansky, Min- 
ing and Steel Mill Section, Industrial 
Department, General Electric Co., 
Schenectady, N. Y. 


1:30 P.M—WELDING 
ENGINEERING DIVISION 
Chairman: L. J. Gould, Asst. Chief 

Engineer of Construction, Bethlehem 

Steel Co., Bethlehem, Pa. 
Vice-Chairman: A. W. Steed, Main- 

tenance Superintendent, American 

Rolling Mill Co., Middletown, O. 
‘Welded Construction of Blast Fur- 

nace Stoves’ by H. C. Boardman, Chi- 

cazo Bridge and Iron Co., Chicago, 

[| 

Welded Open-Hearth Auxiliaries” 
by C. C. Keyser, Welding Supervisor, 

Be: hlehem Steel Co., Steelton, Pa. 

Building Up and Hard Surfacing” 
by |. Ames, Air Reduction Sales Co., 

New York. 


2 00 P.M.—LADIES SIGHT 
SEING TRIP AND TEA 


— 


0 P.M.—EXHIBITOR’S DANCE 


Wednesday, Sept. 25 


Iron and Steel Exposition 
9:00 A.M.-10:00 P.M. 


9:00 A.M.—COMBUSTION 
ENGINEERING DIVISION 
Chairman: H. T. Watts, Combus- 

tion Engineer, Republic Steel Corp., 

Gadsden, Alla. 

Vice-Chairman: E. J. Wagar, As- 
sistant Chief Engineer, Otis Steel Co., 
Cleveland, O. 

“Effect of Pit Operation on Steel 
Conditioning” by Charles Labeka, 
Metallurgical Department, Pittsburgh 
Steel Co., Monessen, Pa. 

"The Comparison of Soaking Pit 
Designs” by F. E. Leahy, Superintend- 
ent of Fuel Department, Youngstown 
Sheet & Tube Co., Youngstown, O. 

“Soaking Pit Control’ by M. J. 


Boho, Sales Engineer, Hagan Corp, 
Pittsburgh, Pa. 
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9:00 A.M.—OPERATING 
PRACTICE DIVISION 
Chairman: H. G. R. Bennett, En- 

gineer, Hot Rolling Mill, Carnegie- 

Illinois Steel Corp., Pittsburgh, Pa. 
Vice-Chairman: J. D. Jones, Chief 

Engineer, Youngstown Sheet & Tube 

Co., Youngstown, O. 

“Composition Bearings for Roll 
Necks” by H. R. Gilchrist, Lubrication 
Engineer, Carnegie-Illinois Steel Corp., 
Youngstown, O. 


“Hot Scarfing of Billets, Biooms 
and Slabs’ by E. A, Doyle, Consult- 
ing Engineer, Linde Air Products Co., 
New York, N. Y. 


"Design and Operation of Continu- 
ous Butt Weld Pipe Mills’ by J. H. 
Loux, Electrical Engineer, and E. T. 
Trebilcock, Assistant Electrical Engi- 


neer, Salem Engineering Co., Salem, 
Ohio. 


Continued on page 242 





HOW FORGE PLANT SAVES MONEY 


HREE YEARS AGO this forge plant in 

Illinois began using precast front arches 
of Refractory Concrete on all furnaces.The 
results? High refractory quality at low cost 
...and a handy supply of precast units made 
by plant men and held ready for quick re- 
placement. 


Refractory Concrete, made with LUM- 
NITE, stands up under severe forge furnace 
conditions, high temperature, drafts of air, 
intermittent operation, and continual vibra- 
tion of nearby drop hammers. 


You can save money by using Refractory 
Concrete, precast as in the plant shown 
here, or cast in place. Cast-in-place Refrac- 
tory Concrete forms a one-piece, jointless 
refractory, easily placed in hard-to-get-at 
locations, or in simple furnace walls and 
door linings. 


ON FRONT ARCHES 


} + | <Just Out of the Mold 
dit } ey precast front arch 
: ,; section, made of 
LUMNITE Re- 
Ss fractory Concrete, 
ready for installa- 
; tion in a forge fur- 
ih nace like the one 
2 shown below. Note 





pile of crushed fire- 
brick aggregate. 


Forge furnace with 
precast Refractory 
Concrete front 
arches in place. 
Vv 


Refractory Concrete is easily made by 
mixing LUMNITE with suitable refractory 
aggregate and water. LUMNITE is sold by 
building supply dealers in all parts of the 
country. 

Send today for a new booklet which tells 
how, where and why to use Refractory 
Concrete. Write Atlas Lumnite Cement Co. 
(United States Steel Corporation Subsidi- 
ary), Dept. m-3, Chrysler Bldg., N. Y. C. 
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ynsTRUMENT 
OPERATION 
READING 


fomines 


Fiue Gas Temperature 
AND CO, Content 








THE 
ENGELHARD FLUALYZER 
is an extremely accurate porta- 
ble instrument to determine tem- 


perature and carbon dioxide con- 
tent of exhaust gases. 


The FLUALYZER combines 
the timeproven Wheatstone 
Bridge Circuit for CO, analysis 
with a thermo-couple circuit for 
temperature registration... 
Both the CO, and temperature 
readings can be taken—directly 
and simultaneously — from a 
double range indicator calibrated 
from 0 to 20% of CO, and from 0 
to 1000°F. .. . Only one flue tap 
is required for a reliable deter- 
mination of both factors. 


FLUALYZER will save you 
Money—Time—Effort in these 
and many other gas analyzing 
operations: 


@ Oil Burner Adjustments 
® Calcination 
@ Boiler Firing Control 


Write today for Bulletin 700 


CHARLES ENGELHARD, Inc. 
230 N.J.R.R. Ave. Newark, N. J. 
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11:00 A.M.—LADIES’ 
LUNCHEON, CARD PARTY 


12:45 P.M.—INSPECTION TRIP: 
Youngstown Sheet and Tube Co., 
Indiana Harbor, Indiana. 


Thursday, Sept. 26 


Iron and Steel Exposition 
9:00 A.M.-5:30 P.M. 


9:00 A.M.—ELECTRICAL 
ENGINEERING DIVISION 


Chairman: F. O. Schnure, Electri- 
cal Superintendent, Bethlehem Steel 


Co., Sparrows Point, Md. 


Vice-Chairman: G. R. Carroll, As- 
sistant Superintendent of Maintenance, 
Jones & Laughlin Steel Corp., Ali- 
quippa, Pa. 


“Reversing Drives for Slabbing 
Mills’ by F. R. Burt, Engineering De- 
partment, Metal Working Section, 
Westinghouse Electric & Manufactur- 
ing Co., East Pittsburgh, Pa. 


“Power Requirements for-Hot Strip 
Mills” by W. M. Ballenger, Steel Mill 
Engineer, General Electric Co., Chi- 
cago District, and T. R. Rhea, Steel 
Mill Engineer, General Electric Co., 
Schenectady, N. Y. 


“Hot Strip Coilers and Their 
Drives” by R. A. Geuder, Application 
Engineer, Reliance Electric & Engi- 
neering Co., Cleveland, O. 


9:00 A.M.—COMBUSTION 
ENGINEERING DIVISION 


Chairman: M. J. Conway, Special 
Engineer, Lukens Steel Co., Coates- 
ville, Pa. 


Vice-Chairman: G. M. Coughlin, 
Combustion Engineer, American Roll- 
ing Mill Co., Ashland, Ky. 


"A Survey of Open-Hearth Furnace 
Design” by W. C. Buell, Jr., Consult- 
ing Engineer, Cleveland, O. 


"Relation of Flame Characteristics 
to Open-Hearth Operation” by A. J. 
Fisher, Fuel Engineer, Bethlehem 
Steel Co., Sparrows Point, Md. 


"O pen-Hearth Furnace Control” by 
M. Jj. Bradley, Engineer, Leeds & 
Northrup Co., Philadelphia, Pa. 


1:30 P.M.—OPERATING 
PRACTICE DIVISION 


Chairman: Albert W. Vincent, 
Asst. Superintendent of Blast Fur. 
naces, Carnegie-IIlinois Steel Corp., 
Gary, Ind. 


Vice-Chairman: C. P. Betz, Asst. 
Manager, Hanna Furnace Division, 
Great Lakes Steel Corp., Ecorse, Mich, 


“Developments in Blast Furnace 
Gas Cleaning” by C. H. Glaser, Su- 
perintendent of Blast Furnaces, Car- 
negie-Illinois Steel Corp., 
town, O. 


Youngs- 


“Rehabilitation of Blast Furnaces” 
by J. H. Slater, Assistant District 
Manager, Republic Steel Corp., Cleve- 
land, O. 


“Factors Affecting Production of 
Blast Furnace Gas’ by J. S. Fulton, 
Special Representative, Ingersoll-Rand 
Co., Pittsburgh, Pa. 


1:30 P.M.—LUBRICATION 
ENGINEERING DIVISION 


Chairman: F. J. Thomas, Lubrica- 
tion Engineer, Republic Steel Corp., 
Cleveland, O. 


Vice-Chairman: H. H. Shakely, 
General Master Mechanic, Jones & 
Laughlin Steel Corp., Hot and Cold 
Strip Mills, Pittsburgh, Pa. 


“Manufacture and Composition of 
Grease Lubricants” by Thomas 
nox, Socony-Vacuum Oil Corp., 
ton, Mich. 


Lubrication and Its Relation to 
Maintenance” by C. W. Phillips, Gen- 
eral Master Mechanic, and R. A. Bat- 
ta, Lubrication Engineer, Republic 
Steel Corp., Cleveland, O. 


“Application and Care of Bearings 
in Steel Plant Auxiliaries’ by F. L. 
Gray, Lubrication Engineer, Carnegie- 
Illinois Steel Corp., Gary Works, 
Gary, Ind. 


7:30 P.M~—-FORMAL BANQUET 
AND DANCE 


Friday, Sept. 27 
Iron and Steel Exposition— 
9:00 A.M.-12:00 Noon 


9:00 A.M.—INSPECTION TRIP: 
Wisconsin Steel Works, Interna 
tional Harvester Co., Chicago, Ml. 
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Feature Section 





Pouring Crankshafts Continuously 


The Ford Motor Co. is now pouring the celebrated cast 
steel crankshafts by a continuous melting process. The 
method is unique, striking and unusual. It is described 
for the first time. 


Surface-Hardened Stainless Steel 


A definitely new process for nitriding or surface-harden- 
ing stainless steel, especially for parts subject to wear, is 
described by Mr. Drever. This is also the first publication 
of this process. 


Bearings and Strategic Tin 


Tin is a strategic metal and it is used in many bearing 
alloys. We publish the first installment of a 4-part re- 
view of this broad and important subject by three metallurgi- 
cal engineers of Battelle. 


Decorations in Metals 


Some strikingly beautiful decorations are now being 
fashioned from metals and their alloys. Reproductions of 
a few of those in the “S. S. America” are published. 


Powdered Iron 


The war has interfered with the usual supplies of much 
of the powdered iron which is used quite extensively in 
this country. The situation as to future supplies is ably 
discussed by Mr. Fellows. 


Thin Layers of Metal 


A new instrument for determining the microhardness ot 
thin layers of metal is described—of wide interest to metal- 
lurgical engineers. 


Letters to the Editor 


An unusually large number of important discussions are 
presented this month. 
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Engineering Digests 





Gray lron 


“Ever better’’ seem to be the watchwords of metallurgical 
engineers responsible for the quality of gray cast iron, judg- 
ing from information on gray iron foundry progress given 
in a composite on page 316. Advances in cupola design, 
combustion control, sand practice, strength of iron and 
wear resistance are all reported. 


Refining Non-Ferrous Metals 


An up-to-date review of electrolytic refining progress by 
Heberlein (page 320) cites several interesting trends—the 
substitution of concrete for wood in refining tanks, the re- 
covery of selenium and tellurium from copper anode slimes, 
and the electrolytic recovery of silver and gold from precious 
metal scrap. 


W hat’s W eldability? 

An assortment of experts examine the term “weldability” 
and seek an accurate definition on the basis of steel be- 
havior, in an article in Welding Journal (page 326). For 
evaluating weldability, some advocate compilation of S- 


curve data, and others recommend simply making a joint 
and comparing its properties with the original metal. 


Bright Zinc Plating 


Bright zinc coatings can be produced directly (without 
prior removal of bath-contaminating metals) in cyanide 
baths containing certain additions, reports Smith in a com- 
posite on page 339, and Hull describes magnesium- or 
calcium-containing zinc anodes that prevent zinc build-up 
in the bath. 


Metal-Sprayed Bearings 


Shaw (page 346) finds metal-sprayed bearings to have 
lower friction and higher seizure loads than bearings cast 
from the same materials. 


High-Temperature Alloys 


A useful review of materials for service at elevated tem- 
peratures is offered by a composite on page 344, which 
covers cast irens, low-alloy irons, high-chromium alloys, 
and alloy steels. 
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REVERE INDUSTRI 
OFFER THESE TIME-SAVING 











wipe VARIETY—the extrusion process produces cross- 
sections of unusual forms with wide variety of slots, 
grooves, contours and angles. These forms, when 
cut in suitable lengths, can in many cases take the 
place of simple forgings, sand or die castings, at 4 
considerable saving in ume, tool cost, metal cost 


and finishing Cost. 


FEWER operations—and a shorter time pet operation 
are required with Revere Industrial Extruded 
Shapes. In fact, milling of machining operations 
needed with stock rods are reduced because Revere 
Extruded Shapes are made in the desired profile. 


FASTER MACHINING —1S possible, due to the free-turning 
qualities and absence of grit and chilled areas 
common in castings, which dull tools, increase 
scrap and necessitate rejections. Considerable re- 
ductions in machining costs are the rule. 


uess weigut—the great strength and non-porosity of 
Revere Industrial Extruded Shapes often permits 
reduction in weight. In addition, these shapes can 
be held to close and uniform tolerances, reducing 
scrap and finishing costs tO 4 minimum. 





AL EXTRUDED SHAPES 
ADVANTAGES: 
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America has a re-armament program de 
signed to make us invincible. It calls for 
vast quantities of tens of thousands of aif 
ferent products. In these different silat | 
will be thousands of irregularly sien 
copper, copper alloy or aluminum parts 
instead of becoming a “bottle-neck” t 
these irregularly shaped parts can beco . 
a time-saving step. q 
| When speed is vital as it is now—muc! 
time and frequently much money can b 
saved by investigating Revere indasials 
Extruded Shapes, Revere Die Pressed . 
Hammered Forgings and other Re | 
products. an 
Over the years we have found many 
different ways to get rid of liciiiileks’ 
ga time, labor, material and costs. 
stries now busy with re-armament 
needs, this service is available at no charge 
4 obligation. Simply write to ie 
opper and Brass Incorporated, 230 Park 
Avenue, New York. Sales offices and dis- 
tributors in most of America’s major chaise. 


* 


REVER 
E COPPER AND BRASS INCORPORATED 


230 Park Avenue, New York, New York 
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Trends 


If Cone will give us the temporary loan of the 
title of one of his departments, we might ‘comment 
on a trend that has long been in evidence, but 
never so clearly as in recent years. This is the 
tendency toward special meetings of metallurgical 
groups. 

We can recall when the only meetings were the 
annual ones of the regular societies. Then came the 
chapters, with their monthly meetings, and the 
annual meetings of local sections or groups of 
chapters. Then arose the Bureau of Mines-Carnegie 
Tech. meetings on physical chemistry of steel making, 
those of the Metallurgical Advisory Committee to the 
Bureau of Standards, of the Open Hearth Committee, 
etc., and, in more recent years, the numerous special 
conferences held at universities, with or without the 
cooperation of a national technical society or some 
subdivision thereof, 

Some of these conferences arose from a real desire 
of the metallurgists of a given region for a type 
of adult education fitted to their particular local 
needs. Others, of course, were primarily motivated 
by the desire of a professor to impress the dean 
or the president that the professor is a live wire, 
able to command the cooperation of experts of high 
standing whose presence on the program will insure 
a large attendance. Whenever one of these con- 
ferences went off well, and they often did while they 
were a novelty, the urge to make it an annual affair 
was overpowering. 

On the whole, the conferences are a good thing, 
and, within limits, are worth continuing. The 
youngster, who thus secures contacts he could not 
otherwise get, with leaders in his field, appreciates 
them, and those leaders have a responsibility to the 
youngsters, which, so far, they have discharged nobly. 

Some of the ‘summer schools’ that last several 
weeks and go into one subject deeply, really accom- 
plish something. These drink deeply and are in a 
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different category from the conferences that merely 
taste from a varied list of topics. The latter far 
outnumber the former. 

The trend shows signs of rising to a point where, 
we suspect, the law of diminishing returns is about 
to apply. With so many meetings that one is ex- 
pected to attend, the urge to attend any particular 
one decreases. We belong to half a dozen technical 
societies with more or less regular local or group 
meetings near by. If we were sufficiently conscien- 
tious, we could spend lots of evenings in that way, 
few of which would be productive of information 
not otherwise obtainable. 

Then, at least once or twice a month there is some 
special meeting or conference, at a distance, taking 
from a day and evening to three full days, the topics 
of which are admittedly of interest. The time re- 
quired in attending these would take a big slice out 
of what time there is. Sooner or later, the worth- 
while information brought out at these conferences 
will get published, and we can read and study it 
at such times as best fit our own convenience. 

When these events were scarcer, they were really 
events. There's no novelty in them now. So much 
for the listeners. 

The speakers, too, get sort of moth-eaten. One 
with a reputation is asked to appear all over, too 
often to do a good job on preparation for each 
particular audience, so that actually a talk by local 
talent clicks better than most of those by the “big 
names.” 

If an inordinate amount of time and travel ex- 
pense of speakers is called for, which expense falls 
on the employers of the speakers, as it almost in- 
variably does, it is little wonder that, in subconscious 
justification for that time and expense, some speakers 
tend to let their messages degenerate into thinly 
disguised sales talks. At any rate, far too many of 
the talks to local chapters by out-of-town dignitaries 
are a pain in the neck, courteously endured by the 
audience and written up by the local reporter as 
just the opposite of the flop it really was. 

We've been on both the receiving and the trans- 
mitting end. We remember one talk we made before 
a section of the American Chemical Society that was 
a terrible flop, the topic wasn’t of any real interest 
to that audience, though it had gotten by with a 
metallurgical audience. The program committee 
should have known better than to ask us to repeat 
that talk to that audience, and we should have known 
better than to give it. 

The program committees for these meetings and 
conferences have a real task. They might try the 
experiment of scheduling fewer meetings. The 
chances are that a few good ones would benefit 
metallurgy more than the present plethora of medi- 
ocre ones. It’s possible to work a good idea to 
death.—H. W. G. 
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Ford Cast Steel Crankshafts 
Now Poured Continuously 


BY EDWIN F. CONE 


of a cast for a forged steel crankshaft for its 

passenger cars several years ago was an event of 
broad metallurgical interest. Such a step, however, 
was not taken without mature consideration accom- 
panied by extensive experimentation and _ research. 
Ever since the Ford company initiated the production 
of a crankshaft of cast steel, one of the aims of that 
progressive organization has been to develop the 
process from an intermittent to a continuous melting 
and pouring operation. 

The metallurgical story of the development of 
this new type of crankshaft was told by METALS AND 
ALLoys late in 1935.1 Until quite recently or early 
in 1940, the several million crankshaft castings, which 
have been made and put in service, have been cast 
from a cold charge, melted in an electric arc furnace. 
In developing a continuous melting and pouring 
process to replace the cold-charge-electric furnace 
method, Ford metallurgical engineers have used as 
a working model the present continuous melting and 
pouring process for cylinder blocks of cast iron. This 
highly interesting process was described? in METALS 
AND ALLoys in November, 1935. 

The continuous melting and pouring of cast iron 
is a different problem from that of handling the 
copper-silicon high carbon steel for crankshafts. It 
will be recalled that, for the cylinder blocks, metal 
from the blast furnaces and cupolas is transferred 
to a mixer and from this to an electric arc furnace 
for. superheating. Composition is easily regulated 
at this stage. From the arc furnace the metal flows 
into a forehearth, heated with powdered coal, from 


T« SUBSTITUTION BY THE FORD MOTOR CO. 
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which it flows from each end to the continuous 
pouring equipment. 

To develop a similar or better method for the 
crankshafts, the problem was one of economy as 
well as of metallurgical control. Since the advent 
of the steel crankshaft in 1933, the Ford metallurgical 
engineers have had it in mind to melt and pour the 
steel continuously. 


Steps in Developing the Process 


The first attempt was to use an air furnace, fired 
with pulverized coal, supplemented by a conventional 
cupola—cupola-air furnace manipulated metal. This 
did not prove entirely satisfactory, due to the fact 
that an oxidizing flame had to be used in the air 
furnace in order to reduce the high carbon in the 
metal from the cupola. This oxidized metal was 
not of the best quality and the analysis was very 
difhcult to control, especially when it is mecessary 
to obtain a metal averaging 1.35 to 1.60 per cent C. 

The next attempt was made with an oil and steam- 
fired cupola which was provided with a small re- 
ceptacle for holding a small bath of molten metal 
at the base. Due to the drastic impinging action 
of the flame on the refractories, this arrangement 
did not prove satisfactory. Metal made by this 
process, however, was better than in the first trial 
method. 

From the experience thus obtained, the third and 
present method was developed. It was decided to 
build a furnace that would combine the stack charg- 
ing and continuity of a regular cupola with the 
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Each cupola, or stack, has an opening through which 
the bucket, filled with a charge, is inserted at the 
charging floor level by means of a crane. A protec- 
tion curtain of chains can be swung in front of the 
opening when the charges are not being dumped. 


hearth and chamber similar to a pulverized coal-fired 
air furnace. The flame from the combustion of the 
pulverized coal would sweep across the long bath 
in the hearth and on up the stack, thus preheating 
and partially melting the incoming charge. 


The New Process 


This theory has been carried out and put into 


commercial operation—the charge is put into the 
side near the top of a long cupola at the bottom of 
which is a long air furnace hearth. The products 
of combustion from the powdered coal, which enters 
the air furnace at the end farthest from the stack, 
sweep through the hearth and up the cupola stack— 
this equipment may be regarded as an air furnace 


with a long high stack which is used for supplying 
the furnace with partially melted metal. 

The charge placed in the cupola stack can be 
depended upon to be the same as to composition as 
when charged—there are virtually no chemical re- 
actions in the stack or furnace. The flame, sweeping 
across the hearth of the air furnace bath, melts the 
charge at the base of the cupola or stack, from 
whence it pours continuously into the hearth. A 
suitable stock yard is supplied with the raw materials 
from which the proportions of each material are 
selected, weighed and charged into the side of the 
cupola by a 1-ton bucket every 4 min. By means 
of a crane the 1-ton bucket is swung into the open 
door in the side of the cupola and dumped by 
opening a false bottom. 


The Charge Used 


Each charge consists generally of the following 
materials: 


A charge had just been released, as this photograph 
was taken. Some pyrotechnics are always in evidence 
at this time. 
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Another view of the 
metal flowing from 
one of the fore- 
hearths into the 


transfer ladle. 


elow: The metal 

wing from the end 
one of the fore- 

arths into the 
transfer ladle. 


Per Cent 
Return scrap (crankshaft) .......... 40.0 
Basic pig (2% Si) co 
Briquetted borings ................. 40.0 


This charge, as it melts at the base of the cupola 
and is further melted and brought up to suitable 
temperature in the air furnace or forehearth, has 
approximately the following composition: 


Per Cent 
1.50 
Silicon ; 1.00 
Manganese 0.80 
Copper 1.50 
Chromium 0.15 to 0.18 
Detailed data are not available as to the dimen- 
sions of this equipment but the construction and 
dimensions are essential factors in the success of 
its operation. In general the forehearth slopes down 
toward the tapping spout but enough molten metal 
is continually in the hearth under the stack or cupola 
so that the incoming charges rest in molten metal. 
The throat or base of the cupola or stack is so 
contracted or pinched in that the charges do not 
come down too rapidly. The size of the opening 
in this throat is of particular importance—too small 
a throat would cause the charge to pack up, thus 
decreasing the passage through which the products 
of combustion could escape. On the other hand, if 
it were too open, the flame could escape too easily, 
resulting in less efficient heating. 
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Metal from the forehearths being poured into one of 
the electric furnaces for preheating. 


Specially Built Cupolas 


The diameter of each of the two cupolas or stacks 
is 36 in. Their total height is approximately 25 ft. 
with the opening or door for charging 15 ft. from 
the foundry floor level. The height of the forehearth 
above the foundry floor is about 10 ft. The roofs 
of the forehearths are arched and the lining of the 
arch and side walls is a mullite base brick. A high 
density, high fusion neutral clay brick is used to 
line the bottom. For lining the cupola or stack, 
fire brick are used with the throat lined with mullite 
brick. The amount of powdered coal consumed per 
ton of steel tapped from each hearth averages about 
300 lbs. The capacity of each forehearth-cupola 
set-up is about 15 tons per hr. 

At the present time no attempt is being made to 
pour the crankshaft castings directly by means of a 
pouring car from this forehearth. This may be a 
possibility for the future. Instead the metal is 
tapped from the forehearths into 8-ton transfer 
ladles, its temperature being about 2700 deg. F. 
The metal is then transferred to 15-ton electric arc 
furnaces where it is super-heated to about 2900 deg. 
F. During this brief period, analyses are made in 
the spectrographic laboratory, and alloy and other 
additions are made if any are necessary to bring the 
metal to the desired composition. 

From the electric furnaces the metal is conveyed 
in transfer ladles to a rocking type of holding fur- 
nace, fired with powdered coal. From this the metal 
flows continuously at about 2800 deg. F. into a 
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pouring car similar to that used in the continuous 
pouring of cylinder blocks.? This pouring car, taking 
metal continuously from the holding furnace, pours 
simultaneously two molds of 4 crankshafts each, the 
pouring temperature of the molds being 2700 to 2750 
deg. F. This is pointed to as eliminating all ladle 
men pouring on the line as was the case when 
pouring metal direct from a cold charge in electric 
arc furnaces, 

The continuous supply of steel from the cupola- 
forehearth equipment, together with the holding 
furnace and the continuous pouring equipment, 
makes it possible to pour many more crankshafts per 
day as against the output by the older process which 
this displaces. 


Present Composition of the Metal 


There has been very little change in the com- 
position of the crankshaft metal since that made 
public in our first article.t The composition as 
announced in 1935 and that used at present as made 
public last January in a paper® by McCarroll and 
Jeter before the local Detroit chapters of the A. F. A. 
and the A. S. M. is as follows: 


1935 1940 
Carbon ....... 1.35 to 1.60 1.35 to 1.60 
Manganese ... 0.60 to 0.80 0.70 to 0.90 
Silicon ....... 0.85 to 1.10 0.85 to 1.10 
ee 1.50 to 2.00 1.50 to 2.00 
Chromium .... 0.40 to 0.50 0.40 to 0.50 
Phosphorus ... 0.10 max. 0.10 max. 
Sulphur ...... 0.06 max. 0.08 max. 


The only changes at present in effect as con- 
trasted with the inception of the crankshaft are a 
slightly higher manganese range and a higher per- 
missible sulphur content. 

This unique and highly interesting cupola- 
forehearth equipment is not only a metallurgical 
achievement of decided merit but is also another 
step in the general policy of Ford metallurgiéal 
engineers of melting and pouring castings continu- 
ously wherever possible. Continuous operations of 
this nature not only save time but also, it is claimed, 
produce more uniform castings because the metal 
for each casting is delivered at uniform temperature. 
Besides the cylinder blocks and the crankshafts, con- 
tinuous pouring is also used in producing the 
centrifugally cast gear blanks,* passenger car trans- 
mission housings, and flywheels. In fact the entire 
Ford foundry is being revised and enlarged in order 
to go into volume production of cast steel tractor 
parts and other products. 
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Nitrided Stainless Steels 





A few nitrided stainless steel machinery parts 
and other nitrided stainless steel products. 


The product and process described for the first 
time in this article offer the designer and engineer, 
in effect, a new material—a metal with the strength, 
toughness and general corrosion resistance of stain- 
less steel plus surface hardness and wear resistance 
of the highest order. New fields of application for 
stainless steel—already serving innumerable engineer- 
ing purposes—are obviously opened up, and several 
are cited by the author. The article will also interest 
everyone concerned with case hardening, since it 
describes such a novel application of this type of 
treatment.—The Editors. 


|’ HAS LONG BEEN RECOGNIZED that if the unique 
corrosion resisting properties of the stainless 
steels could be combined with 

a hard, abrasion resistant sur- 
face, the field of usefulness of 
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these alloys would be greatly extended, and this com- 
bination of properties would materially improve 
stainless machinery parts and other stainless articles 
where resistance to wear is required. 

The ordinary alloys of iron have since time im- 
memorial been processed to obtain a hard surface 
with a tough, ductile, shock-resistant core, usually 
by case hardening in a carbonaceous atmosphere or 
material; a high carbon surface is produced, which 
can be heat treated by ordinary well-known methods 
to harden the surface. Also, modern industry ex- 
tensively uses special alloy steels of the so-called 
“Nitralloy”’ type after subjecting them in each case 
to a process that produces a nitrided, exceedingly 
hard surface. In addition to these methods of sur- 
face hardening the production 
of a shallow, hard case by cyanid- 


ing is universal practice. 
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Inasmuch as these very useful materials have 
found widespread application, and have made avail- 
able to the designer the exact material he requires 
for many purposes, it is only logical to assume that 
iron alloys of the stainless class would be benefited 
in many cases by a process for producing character- 
istics similar to those outlined above, i.c., a hard 
surface and a tough core. 

It is the purpose of this brief article to announce 
that a practicable process for surface hardening these 
steels has been developed and is now available. 

Stainless steels can be briefly described as alloys 
of iron containing more than 11 per cent Cr with 
or without the addition of other elements such as 
nickel, manganese, molybdenum, sulphur and colum- 
bium, and are characterized by a relatively high re- 
sistance to corrosion when compared to other ferrous 
and non-ferrous alloys. Their field of usefulness is 
tremendous, but in the past this field was ofttimes 
limited by the engineer's inability to get desired phy- 
sical properties combined with corrosion resistance. 
This new process goes far toward expanding the field 
of usefulness and reducing the limitations. By this 
process it is possible to secure the corrosion resistance 
properties offered by one or all of the many stainless 
alloys and at the same time obtain a finished part 
with an extremely hard wear and abrasion-resistant 
surface. No new trick alloys are needed. Any of 
the standard stainless alloys, including those especi- 
ally designed for free machining qualities, respond 
satisfactorily to this process. 


The Nitriding Process 


In the new process of nitriding or surface harden- 
ing, these steels, the outer layer of the material is 
impregnated with nitrogen, presumably in the form 
of nitrides, to a depth that varies with the type of 
steel and the time under treatment. It is found that 
in general a depth of 0.008 to 0.030 in. will suffice 
for the great majority of purposes, the depth of 
case being determined individually for the type of 
service to which the article will be put. Some types 
of steels will nitride more readily than others and, 
in general, the steels that have no nickel present 
will be more readily nitrided than those with nickel, 
under the same conditions of time and temperature. 

The new process is quite flexible and can be adapt- 
ed to treat parts of special and intricate design. Since 
the surface hardening depends on gas penetration and 
absorption, it is possible to harden keyways, tube or 
bearing interiors and in fact any surface which can 
be exposed to the gas. However, if it is desirable 
to harden one section and retain a soft surface else- 
where, means are available for inhibiting or stopping- 
off these surfaces and preventing their hardening. 

Because of the inherent corrosion resistance of 
stainless, it is possible to buff-or polish the nitrided 
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surtace. This is highly important where an extremely 
smooth and hard surface is desirable, in connection 
with high corrosion resistance. 

The question of distortion and dimensional 
changes caused by the new nitriding process will re- 
quire further investigation, but preliminary test indi- 
cates that if fundamental rules are followed during 
the processing, the distortion is negligible and not 
measurable, There is slight dimensional change dur- 
ing nitriding, but this would not be sufficient, except 
in rare cases, to cause trouble. In these extremely 
close tolerance cases, a surface grinding or lapping 
operation would be sufficient to correct this dimen- 
sional change and would in no way affect the hard- 
ness of the case. 

The actual process is carried out in furnaces of 
orthodox types at moderate temperatures, i.e., ap- 
proximately 1000 to 1100 deg. F. A muffle that can 
be made entirely gas-tight is used and the processing 
gas let in and out in the usual manner of nitriding, 
with an effort made to keep approximately constant 
pressure throughout the process. 

The gas used is derived from anhydrous ammonia 
and is used in two states. During the preliminary 
part of the cycle the ammonia vapor is dissociated 
and after purification and activation is admitted to the 
nitriding chamber to sweep out all traces of air that 
may be present. It is supposed that this preparatory 
treatment also eliminates much of the air that closely 
surrounds the stainless parts in what might be termed, 
for want of a better designation, molecular adhesion. 
After this preliminary purging, ammonia vapor, 
after being activated in a silent electrical discharge 
to ionize the gas, is admitted to the nitriding cham- 
ber. In the actual nitriding, ammonia gas is dis- 
sociated partly, the nascent nitrogen being absorbed 
by the material and the hydrogen that is released 
passing out of the muffle together with the undis- 
sociated gas. The essential of the process is the 
ionization of the gas before admittance to the 
nitriding chamber. This is fully covered by United 
States Patents.* 


Properties of Nitrided Stainless 


After the material is nitrided, its physical charac- 
teristics in respect to tensile strength, elongation, 
yield point, impact value, and reduction of area re- 
main approximately the same as in the original 
material, but its surface hardness has increased to 
a vast extent. Hardnesses up to 1050 Vickers Brinell 
are secured, 

It is also found that these hardnesses are main- 
tained to a relatively high degree at elevated tem- 
peratures. For instance, a sample of ‘18 and 8” 
stainless steel, Type 302, was nitrided to a depth 
of 0.010 in. and tested on the Vickers machine 
with the following results: 
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Test 
Temperature Vickers 
Deg. F. Brinell Hardness 
70 1050 
1000 710 
1100 540 


This is to be compared with the same steel before 
nitriding, when the hardness will be not greater 
than 145-160 Brinell at room temperature. 

Since the principal object of surface hardening 
these steels is to produce wear-resistance, it is inter- 
esting to note the comparative tests on these mate- 
rials in a standard type of reciprocating wear-testing 
machine. The Table indicates the relative amount 
of wear of two classes of stainless steels before and 
after nitriding, and of Stellite, which is frequently 
used where corrosion and wear-resistance are re- 


quired. 


Abrasion Loss o f Nitrided Stainless Steel and of 
Stellite 
18 Cr, 8 Ni— 12-14. Cr— 
Type 302 Type 410 
a Sn a se 


\ | 
Normal Nitrided Normal Nitrided Normal 
Loss in weight, 
gms./100 gms... 0.85 0.002 3.35 0.018 0.0358 
Number of strokes 
at 100 lbs. pres- 
ote wantantese 6,000 30,000 10,000 50,000 30,000 


The principal reason for using stainless steel is, 
as the name indicates, to insure resistance to cor- 
rosion, and this phase of the subject is of paramount 
importance. It should be stated at this point that 
the corrosion resistance of all classes of stainless 
steel is somewhat impaired by the process of 
nitriding, but for a vast number of applications not 
sufficiently to be in any way detrimental. Nitrided 
stainless is not recommended for use in contact with 
the heavy acids, such as nitric acid. No apparent 
effect on the corrosion resistance is noted for these 
materials in contact with high-pressure high- 
temperature steam, gasoline, kerosene and fuel oil, 
ordinary city tap water, and many other corrosive 
agents. In alkaline boiler feed water at 380 deg. F. 
the material stains lightly but does not etch or pit, 
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and would be given a Class B rating under the 
A. S. T. M. rating system. 

In the salt spray test, independent laboratories 
have reported widely different results, which cannot 
be reconciled at this time, but it is sufficient to say 
that the resistance to salt spray is impaired to an 
extent undetermined at the present time. Data on 
this are now being accumulated and will be re- 
ported at a future date, together with results of 
long-time immersion in sea water and long-time 
tests under alternate immersion in sea water and 
exposure to air. Because of the great number of 
types of stainless steel that are now in common use 
it necessarily will take a considerable period of time 
to give a qualitative rating to cover the general class. 


Some Uses 


Considering the characteristics of stainless steel as 
nitrided by this process, the indicated uses are many 
and various. For instance, it is found to be an 
exceedingly valuable material for valve seats of 
high-pressure high-temperature steam valves where 
abrasion, ‘wire cutting’’ by the steam, and corrosion 
combined with high temperature are prevalent. There 
are a multitude of uses in textile machines for wire 
guides, eyelets, etc. In the oil industry it can be 
used for pump shafts, valve seats, high-pressure 
valves and parts of oil-well pumps and plungers. 
Under special conditions stainless steel roller chain 
for power transmission purposes are required. 
Nitriding of the bushings and pins for these chains 
is entirely practicable and will add extensively to the 
life of the parts making up the chain. 

Other possible uses indicated from the physical 
character of the material are internal combustion 
engine liners and valves, pumps for organic chemi- 
cals, moving parts of instruments for use under 
marine conditions and many others too great to be 
mentioned here. Actual data from service tests are 
being accumulated and will serve as a guide to the 
engineer in correctly determining the applicability 
of this process or its products in specific instances. 





*U. S. Patent No. 1,975,063—Sept. 25, 1934. U. S. Patent 
No. 1,975,064—Sept. 25, 1934. U. S. Patent No. 2,131,709—Sept. 
27, 1938. U. S. Patent No. 2,131,710—Sept. 27, 1938. U. S. 
Patent No. 2,188,137—Jan. 23, 1940. 
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among ‘‘strategic’’ materials, i.e., those essential 

in the national defense, but which the United 
States does not produce in quantities sufficient to sup- 
ply even normal industrial requirements. The pos- 
sible disturbance of trade relations so as to hamper 
importation would create a situation of scarcity 
which can be guarded against in two ways, by suitable 
stockpiles’’ and by the use of alternative materials 
of which there is ample domestic supply. 

Bearings are one of the most vital uses of tin and 
antimony. Both metals are used in babbitt, and tin 
is used in bearing bronzes. Engineers are so accus- 
tomed to specifying babbitt bearings or bronze bush- 
ings that at first sight it would appear that a lack of 
the raw materials for them would create a very serious 
situation. The predicament seems even more desper- 
ate when it is realized that substitution has long been 
sought on a purely peacetime economic basis without 
such substitution having been widely accomplished. 

Nevertheless, that search for equivalents of babbitt 
coupled with the search for bearing metals of proper- 
ties superior to babbitt, has developed enough other 
classes of bearing metals adequate as engineering 
substitutes to make it clear that, even though the tin 
supply were cut to the merest dribble, good bearings 
could still be supplied in adequate quantities. Lack 
of tin would be an inconvenience in the bearing 
metal industry, but it would not stop our wheels 
from turning. The effects of a lack of tin would 
not be felt as much by the users of machinery, who 
would not experience troubles with bearings, as by 
the bearing manufacturers, who would find that bear- 
ings of substitute materials in general would be more 
difficult to produce, and, by the builder of the ma- 
chinery, who would need to be certain that any 
necessary modifications in design were taken care of. 


[= and to a lesser degree antimony, are classed 


Sleeve Bearings of Babbitt or Bronze 


A complete treatise on bearings and bearing metals 
would cover a large field. Here we shall concern 
ourselves only with those applications for which 
Sleeve bearings of babbitt or bronze are now in 
general use. There are many bearings whose re- 





quirements are so far from severe that cast iron or oil- 
less bearings made from powdered iron by powder 
metallurgy methods will serve, or where the shaft may 
safely run in brass or in a zinc-base die casting. There 
are severe duty bearings where steel ball, roller or 
needle bearings are required, and of course some 
machines, now using split sleeve bearings for ease in 
assembly, could be engineered to use ball or roller 
bearings, if the expense of such bearings could be 
borne. 

The vital industrial uses for bearing metals con- 
taining tin are in the precision, heavy duty sleeve 
bearings of the automobile, truck, bus, tractor and 
like gasoline and Diesel engines, in pumps and 
general machinery and, though they do not class as 
precision bearings, in railroad rolling stock. We 
shall confine our attention to these general types, 
which operate at relatively high loads and high 
speeds. 

From the extensive literature of bearing design, 
lubrication and the metallurgy of bearing metals we 
shall cull only such features as appear essential to 
our particular subject, the feasibility of the replace- 
ment of tin. No attempt will be made to discuss or 
even to assemble a bibliography upon the many 


Fig. 1. Oil film pressure diagram of a journal bearing 
with a smooth brass. Falz’. 
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Point of View of Strategic Materials—tI 


phases of the general topic that would be important 
in a general treatise. 

Before one can appraise the other metals and al- 
loys that might be substituted for tin base babbitt 
and for bronze, it is necessary first to consider those 
factors in a bearing assembly that have wo direct 
relation to the materials, those features that depend 
upon the load to be carried, the speed and the dimen- 
sions of the bearing. 

We shall not be successful in wholly eliminating 
the topic of materials from this section of the discus- 
sion, because the bearing temperature is a function 
of the pressure and speed, and of the amount and 
mode of lubrication. The properties of the bearing 
metals are so affected by temperature that the operat- 
ing limits are set thereby. Nevertheless, if we first 
discuss bearing assemblies operating under such tem- 
peratures that avy bearing metal might be used, the 
way will be paved for later consideration of operat- 
ing conditions that do require a choice of materials. 


The Fluid Film Theory 


The generalized discussion of bearings without 
reference to materials comes primarily from the stu 
dents of lubricants, who have set up the ‘fluid film” 
theory of lubrication. They calculate that, in a bear 
ing assembly of given dimensions (and with ade- 
quate stiffness) the coefficient of friction is not af- 
fected by the materials of the shaft or bearing, nor 
by the composition or ‘‘oiliness’’ of the lubricant as 
long as there is an ample supply of lubricant. It is 
affected by the pressure on the bearing, the speed of 
the shaft and the viscosity of the lubricant at the 
operating temperature. It is immaterial whether the 
lubricant be oil or, say, sugar syrup, if the viscosity 
is the same. All three of the variables have to be 
taken into account, and it is found that the coefficient 
of friction increases with the viscosity (usually 
measured in centipoises) denoted by Z; increases 
with the speed (usually measured in r.p.m.) denoted 
by N; and decreases with pressure (usually measured 
in Ibs. per sq. in.) denoted by P. It has been found 

ZN 
that the coefficient of friction is a function of ——, 


P 
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Fig. 2. Journal-bearing performance. (When starting 

or stopping, the bearing usually performs in the re- 

gions of dry and of semi-fluid friction). Tichvinsky & 
Fischer®, 


ZN 
being low at low - values. This expresses the 
p 
fact that the fluid friction is within the oil layer and 
is due to the effort required to shear the layer and 
allow rotation. It is postulated that there is no rela- 
tive motion between the shaft or bearing surface and 
the oil in immediate contact, that is, the oil is held 
upon the metal surface as if it were frozen in place. 
Then, in a bearing with the shaft rotating and with 
a complete film of oil separating shaft and bearing, 
the materials of the shaft and bearing are supposed 
to play no part; everything is occurring in the oil. 

ZN 
Thus the —— 
P 


relation tells us that the coefficient of 
friction 


(1) decreases when a less viscous oil is used or a given 
oil becomes less viscous due to increase in temperature or 

(2) when the speed is decreased, since this decreases the 
rate of shear in the oil and when 

(3) the load is increased. 

The frictional force required increases with in- 
crease in viscous friction. The coefficient of fric- 


tion is the frictional force divided by the pressure, 
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Fig. 3. Lines of constant temperature in region of 
stable lubrication. 2 x 11/, in. test bearings; am- 
bient temperature, 80 deg. F.; 
sec. SUV at 210 deg. F., 98 VI (S.A.E. 60) McKee’. 


aviation oil 124.4 


therefore the coefficient decreases as the pressure in- 
creases. 
ZN 
When —— is plotted, the Z must refer to the 
Pp 
actual viscosity of the oil under the ruling conditions, 
that is, if the temperature and hence the true vis- 
cosity of the oil differs when the values of N and P 
are changed, the coefficient of friction reflects not only 
the N and P changes, but the change in Z as well. 


Viscosity of Oil 


The viscosity of oil varies greatly with tempera- 
ture, and it varies in different degrees with different 
oils. Some oils lose viscosity rapidly as temperature 
rises, others more slowly; they differ in ‘‘viscosity 
index.” 

ZN 

It should here be pointed out that a certain —— 

Pp 
relation holds only for any ove bearing with a com- 
plete fluid film, but does not hold for other bearings 
of different diameters, clearance, and lengths. This 
fact has been brought out by Muskat and Morgan’, 
who introduce the factors of clearance and diameter 

r 
by plotting coefficient of friction times — against 
c 


C P 
c is clearance so that the generalized discussion 
may include the size factors. 

Obviously, clearance is a necessity in a bearing, a 
press fit is not a bearing. If the clearance is too 
large, the bearing is loose and may “pound” or 
“chatter” under a varying load, and the oil leakage 


7 2 ZN 
: zi times ——— where r is shaft radius and 
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may be high. If it is too small, the friction will be 
high and some metallic contact may occur. 

With the proper clearance, where the shaft starts to 
rotate, it lifts off the bearing, but does not become 
concentric with it. Instead of an annular ring, the 
clearance space is a circular wedge. The nip of the 
rotating shaft against the stationary bearing carries 
the oil through, just as the nip of rolling mill rolls 
carries a plate through the mill, or a wringer carries 
the clothes through its rolls. This pump action causes 
the oil to exert pressure against shaft and bearing, 
with the maximum pressure near the location of 
closest approach. Properly running bearings are es- 
sentially floating in oil. There may be negative pres- 
sure past the location of closest approach if the pres- 
sure at which the oil is supplied to the bearing is low, 
as the diagrammatic representation of the circum- 
ferential distribution of pressure, exaggerating the 
clearance space, shows in Fig. 1. Obviously, an oil 
inlet hole should be placed at the point of negative 
pressure, where the bearing is sucking, and not at 
the location of maximum positive pressure, where it 
would drain oil away from the point at which it is 
most needed. 

There is no restraint at the edges of the bearing, 
so the oil is free to leak out, and the pressure falls 
there. Because of this side leakage, the supporting 
oil is a sort of pancake. 

If leakage is prevented, so that the pressure of the 
oil wedge does not decrease to zero at the edges of the 
bearing, the load-carrying ability is increased, and 
the bearing will operate at low speed without break- 

ZN 
ing the oil film. [That is, the nose of the - 

P 
curve: (see Fig. 2) may be brought down to a very 
low value.} A bearing designed to prevent leakage 
is used in roll neck bearings, of steel against babbitt, 
with the surfaces very true, the bearing being dia- 
mond bored, and with provision of an ample supply 
of clean oil.? 


Effect of Oil Grooves 


Oil grooves -divide the big pancake into smaller 
ones, and unless. very intelligently placed, tend to 
defeat, rather than to further the object of making 
the largest and strongest pancake. In similar fashion, 
a bearing of too small width in relation to its diame- 
ter, has too small a pancake. Much can be done by 
design to produce a good pancake and thus lighten 
the requirements on materials. This has been dis- 
cussed many times. Forceful comments are given 
by many writers, eg., by Falz®, by Evans‘ and by 
Willi®. Such comments cannot be too forceful, for 
it is quite futile to claim a need for improved bearing 
metals when all that is really necessary is to avoid 
handicapping the available bearing metals by designs 
of oil grooves and locations of oil holes that break 
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up the pancake of oil instead of giving it its maxi- 
mum possible size. Only when mechanical design 
gives the bearing metal a fair chance by eliminating 
unnecessary handicaps and the metal then cannot 
stand the necessary conditions of service, is it time 
to seek a better bearing metal. 

As do all mathematical expressions of physical be- 

ZN 
havior, the ——— relationship breaks down under cer- 
P 
tain conditions. In practice, bearings will rarely be 
found that operate under true fluid film lubrication 
for all periods of their use. Although bearings must 
operate under truly fluid film lubrication for the ma- 
jority of their life if they are to give satisfactory 
service, there are times when they will not, and then 
the properties of the materials and the characteristics 
of the lubricant other than its viscosity become ex- 
tremely important. 

According to the fluid film theory of lubrication, 
it might be expected that a bearing operating at any 
speed, however low, or any pressure, however high, 
or with any lubricant regardless of how low its vis- 
cosity is, would be able to build up a lubricant film 
which will separate bearing and shaft and prevent 
metal to metal contact. In fact, the theory states 
that changes which give a thinner oil film give a 
lower coefficient of friction. Actually, since the film 
of lubricant at its narrowest point is very thin even 
under ordinary conditions, changing the conditions 
of operation so as to make the film thinner will bring 
the bearing and shaft so close that the theory, which 
considers the oil to be composed of infinitely small 
molecules and the bearing and shaft surface to be 
perfectly smooth and truly geometrical in shape, 
breaks down. In this region of operation, the effect 
of molecular size may enter, and such things as sur- 


Fig. 4. Curves showing effect of change in heat- 
dissipation characteristics on permissible loads at 
various speeds. 2 x 11/4 in. bearings; ambient tem- 
perature, 80 deg. F.; lubricant, aviation oil 124.4 
sec. SUV at 210 deg. F., 98 VI (S.A.E. 60) McKee’. 





SEPTEMBER, 1940 


face roughness, distortion, adsorption, grit, etc., must 
enter. 


Ideal and Actual Behavior 


This region of lubrication is the one which de- 
serves consideration from our point of view, and we 
now pass from the study of ideal behavior to the one 
which actually obtains at some periods in the life 
of almost every bearing. Here the properties of the 
materials are paramount. 

ZN 
For our purpose the real value of the way 
p 
of expressing the interrelated variables is not so much 
in the region in which it holds, as in that in which it 
breaks down! This is brought out in Fig. 2, from 
Tichvinsky and Fischer®. The right hand portion of 
this graph shows that for a certain portion of the 
ZN 
operating conditions, the ——— relation does hold, 
P 
since the friction decreases as the condition of opera- 
tion (higher load, lower speed, lower viscosity) be- 
comes more severe. However, instead of the curve 
continuing in a straight line down to the origin, the 
ZN 
curve reverses and turns upwards at some low ——— 
Pp 

value. This minimum in the curve of friction is im- 
portant, and largely defines the suitability of bearing 
combinations. To the left of this minimum, opera- 
tion is unsafe, to the right good bearing perform- 
ance is had. 

As McKee’ points out, “experimental data indicate 


ZN 
that the minimum point of the f— ——— curve may 
Pp 
ZN 
occur at ——— values from 1 to 50, depending upon 
P 


the kind of bearing metal, the machining of the bore 
and the amount of running-in.” For this reason, 
Fig. 2 is not scaled. 

Fig. 2 shows that (unless the pressure transmitted 
through the oil film to the bearing is so high that 
the bearing metal squeezes out at the operating tem- 
perature or cracks up by fatigue, or unless grit en- 
ters to disturb the fluid film) a bearing, once suc- 
cessfully brought into rotation at a high enough speed 
to establish a fluid film, is safe as long as it con- 
tinues to run, though it may be injured in stopping. 
To keep away from dry friction, it is desirable to 
keep the shaft unloaded until it is in motion or to 
supply such high oil pressure that the shaft is lifted 
off the bearing before rotation starts. Both these 
means are actually used® in turbine and some analog- 
ous services, in order to avoid the break-down in the 
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Fig. 5. Comparison between curves based on com- 

bined hydrodynamic and thermodynamic considera- 

tions and curves based on PV relation. 2 x 1% in. 

bearings; ambient temperature, 80 deg. F.; lubricant, 

aviation oil 124.4 sec. SUV at 210 deg. F., 98 VI 
(S.A.E. 60) McKee’. 


Fig. 6. Inclination and deflection of a laterally loaded 
journal, Falz*. 
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ZN 
curve at low speeds. 

pP 

McKee® shows that it is possible to avoid semi- 
tfuid lubrication under some conditions by the choice 
of proper oils. He found that on the basis of oils of 
different viscosities at 210 deg. F., the permissible 
pressures on a given bearing with force feed lubrica- 
tion for one speed, 3500 r.p.m., are as follows: 


Frictional 
Permissible Horsepower 

Viscosity at Pressures at1000lbs. Bearing 

210 deg. F. lbs. per per sq. in. Temperature 
Oil Centipoises Sq. in. Pressure F. 
A 21.8 3,800 0.77 260 
D 18.2 3,600 ae — 
B 10.3 2,900 0.51 245 
C 5.4 2,300 an 


That is, the oil pancake will stand more load with 
the oil that is more viscous at operating temperatures, 
but, as McKee points out, between oils A and B, oil 
A will show 33 per cent greater frictional horse- 
power (power loss) and the bearing temperature 
(of the particular bearing assembly with the par- 
ticular oil flow used) would be 25 deg. F. higher. 

McKee also considers the use of these same oils 
at other speeds. Using oil A in this particular test 
bearing, as the speed increases the frictional horse- 
power increases and the temperature rises. McKee 
shows for a given pressure—2000 Ibs. per sq in.— 
that at 7500 r.p.m. a bearing temperature of 360 
deg. F.-1s reached, which is too high for stability of 
the oil. 

By experiment, McKee found that for his particu- 
lar bearing and for a particular oil, he could not re- 


ZN 
duce - below 4.6 (in his system of notation) 
P 
without breaking down the oil film. The heavy 
ZN 
curve in Fig. 3 marked ——— equal to 4.6 encloses 
P 


the pressure-speed area in which complete oil films 
could be maintained, up to 360 deg. F. which he 
takes as the limit for his oil, while the dashed curves 
show the temperatures attained by the bearing sur- 
face under different conditions of pressure and speed. 
For example if the bearing metal used would not 
stand more than 280 deg. F., its range of applica- 
bility is bounded by that curve. 

These curves are for an oil feed of some 85 lbs. 
per sq. in. and McKee points out that if less oil were 
supplied so that cooling was less efficient, the areas of 
permissible loading would shrink greatly. He brings 
this out strikingly in-Fig. 4 in which he shows what 
would happen in his particular bearing, if, instead 
of forced oil feed at 80-85 Ibs. per sq. in. the bear- 
ing had to depend on oil ring lubrication. Thus it 
is clear that the operating temperature of the bearing 
depends on the heat dissipation, both through the oil 
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supply and by conduction through the shaft, the 
bearings, and the bearing support. 


The PV Curves 


Snes EL 


We want to keep the coefficient of friction low, 
but if, during the regular running of the bearing, we 
keep the coefficient so low (which implies being 


ZN 
In practice, some engineers design bearings in close to the nose of the curve f vs. ) that some 
relation to known bearings of good performance so P 
that the known bearings and the new ones will oper- slight disturbance throws the bearing behavior on the 
ate at the same “PV,’’ that is, that the product of ZN 


pressure times velocity (in surface feet per minute) 
remains about the same. As McKee points out, this 
has worked, because the problem to be met by the 
new bearing is usually that of higher speed, and if 
the PV is held constant, there is an increase in the 
factor of safety with increases in speed, over the 
normal speed range. 

It happens, too, that the PV curves, for a given 
bearing and given oil have much the same shape as 
the experimentally determined temperature rise curves 
for that bearing, as McKee shows by comparison of 
Fig. 3 with Fig. 5. Therefore, if the old bearing 
operated at a safe temperature, the new one probably 
will. However, it must be noted that the expectation 
of heating that would be drawn from Figs. 3 and 5, 
need not be realized, for one may cool one bearing 
more efficiently than another and thus decrease the 
temperature attained. Thus the PV approximation, 

ZN 


as well as the relations, can both be altered 





P 

materially by changes in the oil or the amount of 
oil supplied. They are lubrication features not di- 
rectly related to the materials of shaft or bearing, 
yet the principles may frequently be applied to make 
substitute materials satisfactory. 

For bearings of conventional types and normal 
heat dissipation it is possible to classify—as Willi’® 
does in Table I—the permissible conditions of service 


incomplete film branch of the curve, opera- 


4 


tion is unsafe. 


Trueness and Smoothness 


Trueness and smoothness of the shaft and bearing 
are also factors which can be applied to get more 
out of a bearing material. The theoretical concepts 
of fluid film lubrication are based on the idea that 
the shaft and bearing are perfectly smooth and true, 
not at all rough or out of round or conical, so that 
the wedge shaped clearance space in action is per- 
fect. The actual bearing assembly falls short of this 
ideal. 

Lack of stiffness in shaft or bearing, shown dia- 
grammatically in Fig. 6 from Falz® results in ‘‘bell- 
mouthing”’ of the bearing by wear or by plastic dis- 
placement, so that there is proper fit between shaft 
and bearing only at one condition of loading; at all 
others the fit is not that contemplated by theory. 

The effect of surface roughness may be shown by 
a series of experiments reported by Tichvinsky and 
Fischer® in which shafts of different hardnesses were 
operated against 2.5-in. diameter napkin ring bear- 
ings at 600 r.p.m. (400 surface ft. per min.) after 
having been ‘‘run in” for 8 hrs. The tests were made 
at low loads and with starved (slow drop feed) 


























ZN lubrication in an attempt to run close to the nose of 
on the basis of pressure, of ——— of PV, and of tem- ZN 
P the ——— curve. 
perature. P 
Table I, Field of Usefulness for Various Bearing Metals 
Oil 
Maximum Minimum Reservoir Minimum Affected 
: Pressure, Permissible Maximum Temp. Crankshaft by 
Bearing Metal Ibs. per sq.in. 7N/Pmax. Pmax.Y deg. F. Hardness Corrosion 
Tin Base Babbitt 
Copper ........ 2.65. + 3.50% Not 
Antimony Satti re videower® 7.50% 1500 15 42,500 235 Important No 
ED be nneet bab ao aes 89.00% 
Lead (max.) ............. 0.25% 
High Lead Babbitt 
ies. Cwe se sg dad 5 to 7% Not 
REED .cbebpenceceos 9 to 11% 1800 10 40,000 225 Important No 
DE siduberadecasess.« 82 to 86% 
Copper (max.) ............ 0.25% 
Cadmium-Silver 
RR ee 0.75% 90,000 250 Not likely if tempera- 
Copper Sambwendee cat ee. . 0.50% 1860-3850 3.75 and 260 Brinell ture is maintained as 
ML ..% gE hcsdacssee 98.75% upwards specified and proper 
Copper-Lead 90,000 300 lubricating oil is used. 
I TS ao ¢ sees Ae 1300 3.75 and 260 Brinel! 
Se 40% upwards 
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Roughness of 





Coefhcient of Friction Tempera- 








Shaft Microinches ¢ , ture 
¢ Running after rise, 
Shaft Initial Final Starting 8 Hours deg. C. 
Cr plated on 275 Brinell steel ..... ieake Peed 44 25 0.45 0.055 - 
Monel—330 Brinell ..........cccessevcccsssccteccers 36 36 0.50 0.06 45 
Nickel steel—217 Brinel] .........ccccevcccccccccceces 89 80 0.80 0.09 45 
Free-machining steel—180 Brinell .........--.-5-ee005: 133 89 1.10 0.13 54 


Metal spray 1.20 per cent C steel on steel shaft of 275 
Brinell am he 


Other data were: 


Cr plated shaft vs. tin babbitt ..........2eeeeeeeeeees 
Cr plated shaft vs. 72% Cu, 9% Sn, 19% Pb ......... 
Cr plated shaft vs. 61% Cu, 1% Sn, 38% Pb ......... 
Cr plated shaft vs. silver ......cccscccsvcenccedveteces 


Running against a tin-base babbitt of 85 per cent 
tin, 10 per cent antimony, 5 per cent copper at 20 
Ibs. per sq. in. pressure with machine oil, the data 
above were obtained. 


Starting and Running Friction 


The starting friction increases with the roughness 
of the shaft and the running friction varies with the 
ease with which the shaft and the bearing wear in 
to a smooth finish. Statements in the literature that 
one bearing metal “has a lower coefficient of running 
friction” than another, need to be taken with a grain 
of salt. Experimentally it may be true that one bear- 
ing made out of one metal may allow operation at a 
lower coefficient of friction than another similar 
bearing made out of another metal, against the same 
shaft and with the same oil, but the difference is pri- 
marily due to the differences in the ease of securing 
comparable finishes, in the rate of wearing in of the 
bearing, in the behavior in presence of grit, in cor- 
rodibility, and so on. There should be differences 
in dry and semi-dry friction when starting and 
stopping, truly ascribable to the material, but ob- 
served differences between actual bearings are, in 
very great measure, due to differences in surface con- 
dition rather than to materials. These points are evi- 
dent in the table above. 

The wearing-in behavior as well as the effect of 
clearance has been discussed by McKee" in a series 
of papers. In these tests a 11/4-in. diameter tool steel 
shaft of 179, Brinell ground and lapped, was used 


Bearing Composition 
Leaded bronze—72% Cu, 3% Sn, 25% Pb...... 


Hard tin babbitt—85% Sn, 714% Cu, 744% Sb 


Hard tin babbitt—85% Sn, 714% Cu, 712% Sb.. 


N= oO >v Oo) 


Alkali hardened lead—97.5% Pb, 1.75% Ba, 0.75% Ca. ey 


Soft tin babbitt—90% Sn, 5% Cu, 5% Sb................ 
Lead babbitt—8214% Pb, 14% Sb, 312% Sn.............. 


180 0.70 0.14 41 


Coefficient of Friction 





Starting Running after 8 Hours 
0.40 0.055 
0.40 0.07 
0.50 0.085 
0.15 0.08 


against bearings of different compositions and clear- 
ances. The leaded bronze bearing was solid, the 
others were lined with 1/16-in. of white metal on a 
ZN 
bronze back. The ——— curve was obtained when 
P 
the well-finished bearings were first installed, before 
wearing-in and from time to time for a period of 
about 17 to 75 hrs., depending on how rapidly they 
wore in. (See table below.) 
ZN 
curves for 





The running-in initial and final 
P 

the leaded bronze, the soft tin babbitt, the lead bab- 

bitt and the alkali hardened lead are shown in Fig. 

7. These bearings all had nearly the same clearance. 
ZN 

The minimum of the ——— curves for the initial 
P 

state is the lower the softer the lining metal, but in 

the fully run-in condition there was no difference be- 

tween the lead and tin base babbitts, while the alkali 

hardened lead and the leaded bronze had not yet 

come to as good a surface when the runs were 





ZN 
stopped, nor did they reach quite as low a ——— 
P 
value. 
ZN 
The positions of the minima in the curves 
P 


for all 6 tests are plotted against the frictional work 
done as the bearing wears in, in Fig. 8, which shows 


Brinell 

Hardness . Clearance—Inches 
ee 0.0015 (against 
26 0.0012 350 
7 0.0027 Brinell 

shaft) 

ais 0.00056 
19 0.0011 
22 0.0010 
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that the soft tin and the lead base babbitts wore in Karelitz and Kenyon’ studied wearing-in trom a 





ZN slightly different point of view. They wanted to 
very easily to low ——— values, the hard tin babbitt know whether thickness of the oil film wedge varied 
p with different bearing metals, so a previously well 


with low clearance behaved much the same, while 


worn-in stee] shaft, hardness not stated. was run for 
with large clearance (or perhaps with the hard shaft) 


35 hrs. at 35 Ibs. load upon flat slabs of 4 bearing 





| 
i 
ZN metals under plentiful lubrication with SAE 30 oil. if 
it did not wear in so fast nor to such low —— The shaft thus wore its own bearing, presumably with | 
pP minimum clearance. At the end of the run. when 


values. while the hard alkali hardened lead and the 


conditions had become steady and the wearing-in 
leaded bronze acted much alike in refusal to wear in 


period was practically over, the thickness of the oil 





ZN wedge at its thinner end was measured at 124-130 
readily or to low - values. deg. F., the temperature reached by the bearings. 
P The results follow: 
Brinell Oil Wedge Gap, Nature of 
Bearing Material Hardness In. Worn Surface 
B9% Sn, TsF% SO, BYaG Cal i ccc Meee evens 22.3 0.00005 Eutectic worn away com- 
pounds in relief. 
ee ees ee i de Sb Sad ce vent edeccevecvessi 17.1 0.00006 Much like the tin base mm 
80% Cu, 8% Sn, 12% Pb...... eee 71 0.00005 Surface smeared and dis | 
torted. ; 
70% Cu, 30% Pb 30 0.00004 Worn to rougher surface 


than the others. 


Fig. 7. Journal friction curves, showing progressive amounts of running-in. McKee", 


ND ee a A | 
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the oil film is too weak to support the shaft, the 
shaft tends to rub on the bearing. In these stages 
wear can occur, to different degrees, and to different 
degrees of harmfulness with different metals. 

Even in the state where full fluid lubrication is 
supposed to hold in theory, and would hold if the 
oil were clean, grit in the oil can cut through the oil 
pancake and throw the bearing, locally, out of the 
condition of full fluid lubrication. Roughness of 
shaft or bearing, as has been discussed above, raises 

ZN 
the nose of the curve and gives less margin of 
p 
safety and a longer period of operation out of the 
fluid range in starting and stopping. The composi- 
tion and hardness of shaft and bearing have much to 
do with the ease of preparing them in an initially 
smooth condition, and in allowing them to wear in 
easily to a still smoother state. 

Since clearance is a factor, it would be expected 
that the thermal expansion of a bearing metal would 
affect its operation by affecting the running clearance 

Since temperature limits must be observed in or- 
der to avoid breakdown of oil, to say nothing of ef- 
fects on the bearing itself, the thermal conductivity 
of the bearing assembly is important, and while the 





































Fig. 8. Relation between location of the minimum amount and temperature of the oil supply, acting as 
point and the frictional work done on the various a coolant (See Fig. 4) and the way the design allows 
bearings. McKee". heat drainage away through the shaft and the bearing 

1 and 2 (same curve): Soft tin babbitt and lead support, are more potent than choice of materials 
habbitt. in regard to overall temperature of the bearing, yet 





the local temperature at the bearing face itself is 
probably notably affected by the thermal conductivity 
of the bearing materials. 


Thin Lined Bearings 


Thus, the actual clearance required to permit the One more dimensional factor may be noted. The 
presence of a complete oil film is much less than babbitt type bearing metals are not used in massive 


the clearance of about 0.0010-0.0015 in. allowed in form as bushings, but only as linings upon harder, 
automotive bearings of normal size stronger, backs. Recent automotive practice has cut 


the thickness of babbitt linings down very far from 


B. Hard tin babbitt, low clearance. 
A. Hard tin babbitt, high clearance. 
3. Alkali-hardened lead. 

C. Leaded bronze. 





= those used in earlier practice, so that the backing 

How Behavior is Governed exerts a distinct a effect against plastic de- 

The data cited above from various workers show formation of a thin lining. This effect is well known 

that while it is approximately true that after a shaft in the case of glue, where a thin film makes a very 
has picked up enough speed to pass the nose of the much stronger joint than does a thick one. 

ZN The “anvil effect” in taking a Brinell hardness 

curve and has established full fluid lubrication, reading on a soft material resting on a hard backing 

P is well known, and a very thin babbitt layer actually 





the behavior is governed by speed, pressure, viscosity 
of oil and by temperature, by bearing design and oil 
grooving and location of oil inlet, by clearance and 
by shaft and bearing roughness, by stiffness of shaft 
and bearing, all of which are, or can be, matters of 
design and dimensions without reference to materials, 
nevertheless a practical bearing is of insensitive to 
the materials used. Furthermore, the shaft has to 
start and stop. In starting and in stopping, when 






attached to a hard back gives a higher Brinell read- 
ing than a thick one does. Kiihnel and Pusch’® re- 
port for a babbitt of 79.2 per cent Sn, 11.6 per cent 
Sb, 6.7 per cent Cu,-2.5 per cent Pb on a bronze back: 


2.5 mm. ball, 
15.6 kg. load, 5 mm. ball, 62.5 kg. 


Babbitt Thickness 180 seconds load, 180 seconds 
0.02 in. 29.5 30.5 
0.04 in. 28.6 28.6 
0.08 in. 28.6 28.6 
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In a study of the shear strength of 56 per cent tin, 
44 per cent lead solder, Nightingale'* reports the 
following: 

lbs. per sq. in. 


Shear strength, massive solder. . 6,200 
Maximum shear strength, soldered 
joint, copper to copper ...... 0.001 in. thick 6,600 


0.002 in. thick 7,400 
0.003 in. thick 7,800 
0.004 in. thick 6,200 
0.006 in. thick 5,800 


The decrease in strength below 0.003 in. may be 
due to the difficulty of getting a complete film of 
solder in the small gap, at any rate, at 0.003 in. the 
shear strength of the solder layer is 125 per cent of 
that of the massive material. Thus a bearing metal, 
too weak to stand the operating pressure in massive 
form may be made notably stronger by applying it in 
only a thin layer over a strong back. 

Similarly Leach’** gives the following for joint 
strength of silver solder in butt joints of stainless 
steel : 


Thickness Strength 
in. Ibs. per sq. in. 
0.0015 over 130,000 
0.003 115,000 
0.006 90,000 
0.010 $0,000 
0.020 55,000 


The dimensional factors that are taken account of 
in the theory of fluid film lubrication, which hold 
irrespective of materials, and the other dimensional 
factors that come into the case, do wot allow us to 
make a bearing out of any material whatever, because 

(1) If the bearing will not stand the temperature we 
wish to impose upon it without permanent deformation, the 
dimensions necessary to the theory are not maintained; 

(2) The actual bearing is not so smooth and true, nor 
is the oil as free from grit, as are implied in the theory; 

(3) The bearing must start and stop, departing from 
conditions of full fluid lubrication, and in the starting and 


stopping periods different materials of construction do per- 
form very differently; and 


In the next installment we will consider the actual 
bearing as contrasted with the true and perfect bear- 
ing of theory, and the properties desired in bearings 
that are possessed by the alloys of tin whose substitu- 
tion is to be studied, going on from there to evaluate 
some of the possible substitutes. 

(To be continued ) 
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The use of certain metals and their alloys for decorative purposes such as murals, panels, doors, and miscel- 
laneous applications is a strong trend in quite recent years. In our May and June, 1939, issues, we published 


two pictorial articles delineating the effect in the use of these materials at the New York World’s Fair of 





1939. Some of these applications were entirely new and definitely striking. 


A more recent example of this trend is the new $17,000,000 United States luxury liner—the “S. S. 
America’”’—the largest vessel ever built by American shipbuilders. Its public inspection was held late in 
July in New York. 


In some of the murals, doors, panels, railings, furniture, and so on, materials such as aluminum sheet, 
anodized aluminum (widely used), stainless steel, golden bronze, nickel bronze, copper, brass, and other met- 


als and alloys are found artistically employed. 





The pictures, reproduced here and furnished by the United States Lines, New York, give some idea of the 






highly effective and novel use of these materials.—E. F. C. 
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The dining room on the main deck. Hil- 
dreth Meiere, well known mural artist, has 
designed for this room four highly stylized 
and effec tive murals in metal depicting the 
skylines of San Francisco, New York, 
Paris and London. The background of 
these is chromium on glass, with a con- 
trasting effect achieved by sand blasting 
and oxidizing 1 0 give the ‘metal a velvety 
black appearance. The two visible here 
are San Francisco and the Golden Gate 
Brid ge, whose copper suspension wires 
stand out strikingly, and London with the 
Houses of Parliament. 


The swimming pool. The striking ham- 
mered copper ornaments are by Andre 
Durenceau, a leading American artist, The 
large metal mural of hammered copper 
represents leaping dolphins, shooting stars 
and seaweed; it is about 6 ft. high and 


18 ft. wide, and is backed by deep blue 

glazed tile. It is gold plated and hand 

polished. The metal doors on the dressing 

rooms are also hammered copper (gold 

plated) and executed by the Sterling 
Bronze Co. 


A map of the oceans of the world in the 
promenade deck foyer. It is made of sheet 
aluminum and is 11 ft. long and 41, ft 
high, and is in three sections—the work 
of Austin Purves, Jr. The continents are 
aluminum sheet, sanded and treated with 
caustic soda to give them a milk-white 
finish. The oceans are also aluminum sheet, 


but sanded and anodized to light slate gray. 
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Part of the library. A bronze group 
of leaping dolphins by Wheeler 
Williams can be seen on the com- 
mode. Metal table frames and metal 
ventilating grilles are used. The 
mural shows the development of 
the square sail from a spread skin 
to the towering American clipper 
ship. The lighting troughs here and 
elsewhere are mostly of aluminum 
and bronze. 


Panels for the main stair wells—there are 26 
of these—by Austin Purves. Twelve variants 
of the Zodiac signs have been used. These 
18-in. sculptured figures in high relief are 
polished cast aluminum, and mounted on a 
rich ved background. In all there are 213 
pieces, buffed and anodized for protection 
against corrosion. The sun is in the center 
with the earth nearby. 
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Metal doors and frames. These on 

the promenade deck foyer are of 

golden bronze. In this and other 

metal doors the push bars are of 

nickel bronze. Some doors are made 
of nickel bronze. 
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A table in the principal dining room. 
A new design of stainless steel lamp 
is low so as to keep the light off the 


face. The murals are of carved lacquer 
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The Iron 


By Albert T. Fellows 


Metals Disintegrating Co., Int 


Elizabeth, N. J. 


This review will be heartily welcomed by all those 
who for one reason or another are concerned about 
the continuity of supply, quality or price of iron 
powder. The ideal condition—a large and continu- 
ous supply of high quality iron powder at a low 
price—might give a powerful push to the application 
of powder metallurgy practice, but does not seem 
to be immediately attainable, even though many 
possible producers, as Mr. Fellows points out, are 
interested. The effects of the European war and the 
complicated inter-dependency of production capacity, 
price and demand are also revealingly discussed. 

The author's viewpoint is obviously authoritative 
and evidently fair, but it cannot exactly be described 
as disinterested, since his company is one of the 
most active in the powdered metal field. Readers 
who may disagree with him on logical or factual 
erounds are invited, as always, to communicate their 
views to the editor for subsequent airing. —The 


Editors. 





ST METALLURGICAL ENGINEERS, particularly 
those associated with powder metallurgy, have 
heard an increasing amount of talk in recent 
months about powdered iron. This talk has been 
both of fact and of fancy. What American industry 
will do about iron powder, what powdered irons 
are available, what the future may have in store, 
and just how important iron powder really is, are 
timely questions, which this review will attempt to 


discuss. 





Sponge Iron 


Powdered iron in the form known as ferrum 
reductum has long been familiar to druggists and 
doctors as an honored member of the pharmacopoeia. 
Almost as many people have long known sponge 
iron, that more or less aggregated form of iron 
powder, which is (perhaps all too readily) obtainable 
by heating iron oxides with common reducing 
agents. Producing a little of this sponge iron is in 
fact so easy that it has led a long line of countless 
and intrepid souls into thinking that they were about 
to deal the blast furnace a knock-out blow and so be 
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on the road to fame and riches. That their breed 
is not extinct can be seen by reference to almost any 
issue of the Patent Gazette. Indeed, the situation of 
past months has given them new encouragement and 
it would seem that up and down the breadth of the 
land iron ores are being heated with carbon, carbon 
monoxide, natural gas, hydrogen, and so on, and 
little bottles of the resultant iron powder are being 
taken out of vest pockets for inspection by potential 
investors, and by those seeking dependable sources 
of iron powder. 

It should not be inferred that all these people 
have been impractical visionaries. Thus, the United 
States Steel Corp. ventured into the sponge iron 
field more than a decade ago with large scale experi- 
mentation at Lorain, Ohio, and at about the same 
time, the Ford Motor Co. was reported to have been 
more than interested in W. H. Smith's sponge iron 
ideas. Great interest in iron powder, while not new, 
has been given considerable impetus in the past 
months since Swedish iron powder has been denied 
access to this country. 

As illustrative of the approach to this problem 
of what may be called the low-cost-iron-powder 
school, a special article in the April 10, 1939 issue 
of Stee] may be mentioned. Presaged there was the 
early erection of domestic plants for economical pro 
duction of iron powder. The essence of this type 
of reasoning, developed in that article, is that iron 
powder at 2 to 4 cents per lb. would lead to demand 
for 200 to 500 tons per day. It is not to be denied 
that metal powder at such low price would enor- 
mously stimulate powder metallurgy, even, perhaps. 
beyond the figures given. There is also no quarrel 
with those who foresee the situation so far in ad- 
vance. The question is simply raised: How well 
founded are such speculations, and how much have 
they advanced the art? 

Again, talk of sponge iron at this price, and even 
much lower figures, is not new. Bulletin No. 270 
of the Bureau of, Mines, issued in 1927, devotes 
some 175 pages to this subject. There one will find 
figures and accounts of actual production test runs, 
plans for commercial-size installations and cost esti- 
mates of from $12.80 per ton for 100 tons a day 
to $16.00 per ton for 20 tons of sponge iron per 
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day. One of the authors of this Bulletin writes in 
the Oct. 30, 1939 issue of Steel, reiterating the 1927 
story, now directed particularly to iron powder. The 
point is mentioned here merely to call attention to 
what is undoubtedly an oversold idea, namely, that 
great advancement would automatically follow the 
availability of a very cheap iron powder, when, as 
and if such an iron appears. It is this idea that 
has been responsible for focusing attention of a 
large number of companies and individuals on the 
iron powder field. The sponge iron inventors who 
used to toy with the idea of supplanting the blast 
furnace are now about to revolutionize the powdered 
iron field. While the efforts of a limited number of 
these individuals or companies may be destined for 
commercial success, it looks as though many of them 
are doomed to failure. 


The Demand for Iron Powder 


As part of the development of that art known as 
powder metallurgy—the making of useful objects 
from powdered metals—articles made from pow- 
dered iron were not long in appearing. Small parts, 
especially those of an electrical nature, were the 
first and obvious ones—cores, magnets, etc. Small 
machine parts such as bearings, gears, and the like, 
were a logical development of ferrous powder metal- 
lurgy, aimed at reducing costs of the finished parts 
by elimination of expensive machining operations. 
On a test scale, much larger parts, such as automobile 
brake drums, and it has been heard, even whole 
engine blocks, have been made. 

These types of use evolved on the basis of several 
varieties of iron powder of different qualities. There 
has been a limited number of electrical parts fab- 
ricated from the costly (about $1.00 per pound) 
iron powder obtainable by the decomposition of iron 


Some commerci- 
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pentacarbonyl. Electrolytic iron and iron reduced 
from pure oxides by hydrogen reduction—irons of 
intermediate price, say in the range of 30 to 70 
cents per lb.—have been most extensively used for 
applications of an electrical nature. Sponge iron 
powdered reduced ore—has carried the bulk of the 
burden of supplying a material for the making of 
mechanical products. This sponge iron has been 
Swedish sponge almost to the exclusion of all else, 
because of the availability of the Swedish product 
at a price in the range of 7 to 10 cents per lb. The 
industry owes a debt to this Swedish powder because 
the major portion of the work suggesting the bright 
future of ferrous powder metallurgy has been carried 
out with this powder. 

Tonnage possibilities for a sufficiently cheap iron 
powder have been mentioned above, but these figures 
are regarded as excessively high for the immediate 
and near future because iron powder of satisfactory 
quality at a price of 2 to 5 cents per lb. is not 
viewed as something that is just around the corner. 
Thus, limiting the discussion to the coming year, 
iron powder demand that is really insistent is con- 
sidered to be about as follows: 


(1) Low cost iron—iron for pressing and sinter- 
ing into mechanical parts in competition with ortho- 
dox methods—is the field of greatest potential possi- 
bilities. The amount of powder required in this field 
will naturally be influenced by its cost. Thus, at 5 
cents per lb., it would seem as though much more 
iron would be used than at 10 cents per lb 

It may not be quite so simple as this, however, 
without first specifying the quality of the powder. 
Thus, a 5-cent iron might be of such quality that the 
cost per particular finished piece made therefrom 
might be more than if the piece were made from a 
more suitable iron at 10 cents per lb. This is be- 
cause pressing characteristics of the powder, wear 
on the expensive dies required, sintering costs, 
and size of finished piece required for a specific 













































Some experimental iron 
powders produced by 
various processes, photo- 
graphed at 500X. All 
photomicrographs in this 
article were prepared by 
S. V. Wilson of Metals 
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purpose might all be so much more favorable with 
a 10-cent iron than with a 5-cent iron as to dic- 
tate choice of the higher-priced product. 

But if about 10 cents per Ib. is taken as a likely 
starting figure, an iron powder of suitable quality, 
if it were available, might anticipate a present mar- 
ket of somewhere in the neighborhood of 1,000,000 
to 2,000,000 Ibs. (500 to 1,000 tons) for the year. 
Decrease in price from this figure, given usable qual- 
ity, could be expected to bring new applications to 
the fore thereby increasing output proportionately. 

(2) Higher priced, better quality irons—iron for 
the electrical type of use—is again a question of 
price vs. quality and will probably require several 
grades, one of which might be the low-cost iron 
just mentioned. In round figures, something of the 
order of from 600,000 to 1,000,000 Ibs. (300 to 500 
tons) could be sold during the coming year, at 
prices which would range from say 10 to 60 cents 
per Ib. 


Thus, no single iron powder will meet the needs 
of all users, and probably at least 3 grades of iron 
ranging from low to perhaps high priced will be 
demanded. 


Effects of the War 


The high-priced carbonyl iron of the German I. G. 
has been out of the American market for the past 
year. Swedish sponge, the low-priced iron, has like- 
wise vanished from the scene. Electrolytic iron 
powder has been made commercially in the United 
States for a number of years and although the output 
is understood not to be large, no shortage of this 
grade of iron is apparent. Pure hydrogen-reduced 
irons also continue to be made domestically for those 
who require iron powder in this price range. In 
recent days, however, an established American pro- 
ducer of powdered metals appearsyto have emerged 
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with quantity production of an iron apparently de- 
signed to approximate Swedish sponge powder in 
quality and price. 

Prospective makers of iton powders must be 
vitally concerned with another factor that is not 
without interest to those who contemplate use of 
iron powder, namely, the war. Swedish sponge iron 
powder, the dominant factor in American ferrous 
powder metallurgy, passed out of the contemporary 
picture with the Norwegian campaign. It is not 
coming into this country at the date of this writing, 
but there is rumor that some sponge iron may 
soon get out by way of Petsamo, Finland. Inci 
dentally, Swedish sponge iron may already have 
fulfilled its destiny in American powder metallurgy. 
inasmuch as its American importers have recently 
announced that a better and possibly a cheaper 
product would soon take its place. 

In any event, there is still another way in which 
the war and Swedish sponge may affect the iron 
powder situation. British resistance to the Germans 
may remain so effective that Swedish iron continues 
to be denied atcess to the outside world, in which 
case the situation of the past few months, favoring 
establishment of an American iron powder industry, 
persists. But, if German successes to date are. re- 
peated in the days to come, German-dominated 
Swedish iron will be made available to the outside 
world as soon as the British blockade is broken. 
Its price, in that eventuality, would most certainly 
be a controlled price, not truly reflecting production 
costs. 

If an American supply is not then available, an 
increase in price might be expected over the old 
figure. But, if an American process were establishing 
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itself, or had been established, Swedish iron could 
then be dumped at a price ruinous to the domestic 
producer, a situation analagous to the pre-World-War 
methods of the German dye combine. Which of 
these alternatives one wishes to choose or whether 
one feels the United States would be in a position 
effectively to combat violent trade practices of the 
type suggested are matters for the interested reader 
to decide for himself. 

The company sponsoring this review, weighing 
the risks involved, believes it would be folly to 
attempt to bring out an iron which Swedish sponge 
could drive off the market if it were to return as a 
result of cessation of hostilities abroad. This con- 
viction is based on research and development ante- 
dating Munich and not on a hurried job inspired 
by events of the past year. Iron powder produced 
as a result of this development will not be available 
in the customary thirty days or so that the industry 
must by now be coming to expect of forthcoming 
iron powder developments. This may also be the 
place to point out that just as some other metal 
powders were originally by-products or incidental 
to other manufacturing, sponge iron might also have 
been destined eventually to give way to a superior 
product made specifically for use in powder metal- 
lurgy. 


Potential Iron Powder Producers 


At least a score of individuals or companies appear 
to be more than casually interested in iron powder 
processes. 

Activity of a number of these has been heralded 
in various announcements. The one established pro- 
ducer of electrolytic iron has announced an expansion 
program, and as noted above, another metal powder 
company is now marketing an iron powder in quan- 
tity. Most of the other developments, according to 
rumor, involve various types and kinds of ore reduc- 
tion. Even great steel companies may be among 
those interested. Experimentally reduced sponge 
irons originating in Brazil have also been making 
the rounds for the past several years. 

Several of these activities appear to be for a dual 
purpose; namely, to make raw material cheap enough 
to melt into steel and good enough to be satisfactory 
for powder metallurgy. So far, only the Swedes 
appear to have succeeded in this two-fold purpose, 
and it may be that the very special circumstances that 
made this possible will not repeat. Other develop- 
mental work, it would seem, is concerned with grind- 
ing of cast iron or other forms of iron such as 
chips, borings, and turnings, with reduction of mill 
scale, with atomisation of the metal, and so on. 
There is little indication of anyone’s attempting first 
to make a quality product and then working to get 
its price down into the quantity range, which, by 
the way, follows the American tradition of progress. 

The importers of Swedish sponge iron recently 
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announced acquisition of rights to the Kalling- 
Rennerfelt process, and are apparently now engaged 
in modifying this process, which was originally de- 
veloped for converting pig iron into a product of 
low carbon content suitable for remelting in steel 
furnaces. It involves granulation of molten pig iron 
by spraying into water, followed by decarburization 
of the so-obtained divided cast iron by use of a 
suitable gas mixture. Powder produced by this proc- 
ess, it is said, will soon be available. The price will 
be comparable to, if not lower than that of Swedish 
iron, and the quality superior. From the announce- 
ment, this superiority appears to be based on the 
greater densities of finished pieces made from this 
iron than those from sponge iron. Whether this 
higher density is truly representative of an improved 
quality remains to be seen. 

Abnormally high pressures seem to have been used 
in making the test pieces from the modified Kalling- 
Rennerfelt iron. This appears to be related to the 
form of the iron powder, which might be expected 
to be substantially more or less solid pieces rather 
than spongy, porous pieces. High molding pressures 
result in increased cost of the finished piece, requir- 
ing not only larger, more expensive presses, but 
larger and more costly dies with decreased life. The 
volume of a finished piece vs. its weight also has 
to be taken into account. In short, iron powder of 
this type would seem to partake of the properties 
of an atomised product, and the writer's company, 
as a pioneer in atomised metals, might be presumed 
to have investigated similar methods of making an 
iron powder. 

Mention of differing properties in powders pre- 
pared by various methods naturally recalls that no 
one material has universal properties and that the 
user will ultimately dictate which is the “best’’ mate- 
rial for his own needs. One thing is sure, the final 
decision will be made on the basis of overall cost 
of his finished article, rather than on the basis of 
the arbitrary price per pound paid for his raw 
material. 

What is of peculiar interest to the writer in this 
age of progress and at a time when existence of 
opportunity is denied by many, is the fact that with 
fairly insistent demand over a period of time no 
completely satisfactory commercial solution of the 
iron powder problem has appeared. Considering the 
spread in properties, and in prices between spongily 
reduced ores and carbonyl iron, and considering the 
importance of, and the vast amount of work done 
on iron, it hardly behooves anyone to be more than 
humble when he ponders lines penned in 1650 by 
Joseph Glanvill: 


“Iron seemeth a simple metal but in its nature 

are many mysteries . . . and men who bend 

to them their minds, shall, in arriving days, 

gather therefrom great profit not to themselves 
alone but to all mankind.” 
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Metals in Thin Layers 


—Their Microhardness 


by CHAUNCEY G. PETERS and FREDERICK KNOOP 


National Bureau of Standards, Washington, D. C. 


“Metallurgists will certainly be vastly interested 
in the new tool and in the data presented. We are 
very glad indeed to have the article.” 

This was the comment of our editorial advisory 
board when the article was passed on for publication. 

The article is a description of the Knoop Indenter, 
a new instrument for determining the microhardness 
of thin layers of metals, One of the authors, Mr. 
Peters, has made hardness tests on a number of 
metallurgical materials that show the unique applica- 
tions of this tool. Some of these were the determina- 
tion of the hardness of the nitride skin on molyb- 
denum high-speed steels, with different times and 
temperatures of salt bath treatments; the hardness 
of large carbide particles in high-speed and plain 
carbon steels; the hardness of sintered carbides, 
including boron carbide; and a number of other 
materials. —The Editors. 





developed recently at the National Bureau of 

Standards' for measuring primarily the indenta- 
tion hardness of brittle materials such as glasses,” 
crystals,* and enamels which shatter when tested 
with the ball, cone, or square-based pyramid tools 
commonly used on metals. The indenter is of pyra- 
midal form having a diamond shaped base. Indenters 
of widely different angular shapes were studied and 
one was finally selected that produced an indentation 
having a length approximately seven times its width 
and 30 times its depth. The sensitivity of this tool 
is such that a load of 0.5 kg. gives for hard steel 
indentations of 100, length which can be measured 
with an accuracy of 1p with a micrometer microscope. 
It is evident from the magnitude of the penetration, 
which is but 3 for an indentation of 100, length, 
that very thin metal specimens may also be tested 
as well as brittle materials. 


cir DIAMOND indenting tool has been 


Some of the applications which we have made 
to thin sheet metals, nitrided layers, thin plating, 
and small particles in metallographic specimens are 
presented here with the hope that they may be of 
interest to those engaged in metallurgical work. 


Diamond Based Indenting Tool 


The indenter is a diamond crystal of 0.25 to 1.5 
carats, rigidly mounted in a metal holder for cutting 
and use. The drawing to the left, Fig. 1, shows, 
schematically, the shape chosen because it best meets 
imposed conditions, and the drawing to the right 
(Fig. 1) shows the shape of the indentation. The 
sensitivity of this indenter results from its elongated 
shape which gives an indentation of length, 1, that 
is seven times the width, w, and 30 times the 
depth, d. 

The indentation or hardness number, I, is the 
ratio of the load, L, in kilograms applied to the 
indenter, to the unrecovered projected area A in 
(mm. )? 


|I=-—_=—-—— 

A PC 
in which | is the measured length in mm. of the 
long diagonal of the indentation and C is a constant 
relating 1 to the projected area. The indentation 
number corresponding to a measured length, |, and 
a given load can be read from a chart. From a 
measurement of the recovered width of the indenta- 
tion an estimate of the elastic recovery can be gained. 


Indenting and Measuring Apparatus 


In making indentation tests, apparatus is required 
to apply a known load to an indenter for a definite 
contact period, and to measure the resulting indenta- 
tions. The usual devices for making and measuring 
indentations are frequently incorporated in a single 
unit. Steps have been taken to make commercially 
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available equipment for using the pyramidal indenter. 

For the present work the micrometer microscope 
equipment of the laboratory was used and the device 
shown in Fig. 2 for applying loads was designed 
and built. A calibrated lever arm carries a sliding 
weight, W. The arm is provided with pivot points 
near one end and carries the indenter, I, at its 
other extremity. A sliding and elevating specimen 
holder is shown at H. The indenter is raised to its 
correct position above the specimen by a cam and 
lever arrangement which lifts the piston rod, R, of 
the dash pot, P. The uniform rate of descent of I 
is controlled by a valve in P. The whole assembly 
is mounted on a base provided with levels and level- 
ing screws. 


Experimental Results 


Chromium Plate: Nine steel gage blocks, 0.9 in. 
in diameter, 0.5 in, thick, were drawn to different 
temperatures and the surfaces polished plane within 
about 0.00001 in. The blocks were then plated with 
different thicknesses of chromium, deposited at dif- 
ferent current densities by W. A. Olson of the 
Chemistry Division of this bureau. The plated sur- 
faces were mottled and somewhat concave but a good 
plane polish was easily obtained on a tin lap with 
fine emery which removed about 0.00007 in. layer 
for the thick coats'and somewhat less for the thin 
plate. Fig. 3a shows five indentations in the chro- 
mium plate using a load of 2 kg. and Fig. 3b shows 
for comparison five indentations in a Rockwell C25 
test block using loads of 4 kg., 2 kg., 1 kg., 500 g., 
and 200 g. 

The data obtained from the 9 samples of chromium 
plated gage blocks under loads ranging from 50 g. 
to 2 kg. are given in Table I. For platings of 0.001 
in. or more in thickness, the hardness seemed to be 
unaffected by the hardness of the basis metal. Dif- 
ferent current densities gave about the same results; 
if anything the lowest density seemed to produce 
a slightly harder plate. From an inspection of Table 
I it is found that the ratio of the plate thickness 
to the depth of penetration has a marked effect on 
the hardness number. Wherever that ratio became 
less than 14 for the heavier load, a marked falling 
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off of the hardness ensued. From this, it 1s judged 
that to obtain consistent results, the plate thickness 
should be at least 14 times the depth of penetration 
of the indenter. 

Phosphor Bronze Sheet: Nine samples of com- 
mercial phosphor bronze (Cu 95, Sn 4.6, P 0.2%), 


TABLE 1I.—Hardness of Chromium Plate 


Current Cr 


density, Thick I for I for Plating 
amp. ness, Basis ;-— ——____—--- - - 
per sq. dm. in. Metal 2kg. 1 kg. 500g. 200g. 100 g. 50g. 
16 0.00007 60 eat 603 616 618 656 700 
16 0.00053 569 ated 753 811 342 R59 
16 0.00100 446 kes 721 823 840 893 876 
16 0.00162 334 ire 814 850 877 890 898 
16 0.00195 262 738 833 850 884 928 909 
25 0.00138 608 vee 805 826 905 953 906 
10 0.00107 600 Lem 853 877 916 920 896 
10 0.00133 782 835 863 880 930 934 882 
10 0.00267 780 831 874 890 902 897 898 
Fig, 2. Microhardness apparatus. 


Fig. 3. (A) Indentations in chromium plate. 100X. 
(B) Indentations in Rockwell C—25 block. 100X. 
(See text for loads.) 
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Fig. 4. (Left) Indentations in steel containing carbide particles 30 to 40p in size. Numbers for the matrix 1 


and 2 were about 240 and for the carbide particles 3 and 4 about 1430. 


500X. (Right) Indentations in 


nitrided high-speed steel. Position 1 is 7p; 2 is 40p; and 3 is 80p from surface. 5OOX. 


rolled to thicknesses of from 0.002 to 0.008 in. 
were investigated. As in the case of chromium plate, 
the thin samples of phosphor bronze, Table II, gave 
low hardness numbers and for the heavy loads; the 
numbers decreased for thicknesses of 0.006 in. or 
less. With the 0.002-in. sample no difference in 
hardness was found for indentations having their 
long diagonal parallel and perpendicular to the 
direction of rolling. A marked softening of the last 
two samples was produced by heating to 400 deg. C. 
after rolling. For these the ratio of the necessary 
thickness to the penetration was about 35, while for 
the other specimens, it ranged around 25. 

Carbides and Nitrided Steel: One annealed ‘EZ’ 
and one hardened “EZ-45"’ specimen of molybdenum- 
tungsten-cobalt steel and one specimen “2778"’ of 
hardened molybdenum-tungsten high speed steel 
which had been nitrided by immersion for 2 hrs. in 
a bath composed of 50% KCN-50% NaCN at a 
temperature of 1030 deg. F. were furnished by R. 
G. Kennedy, Jr., Cleveland Twist Drill Co. 

Figure 4a shows indentations made with a 50 g. 


TABLE Il.—Hardness of Phosphor Bronze Sheet 








Thickness I for Different Loads 

in | — —__A.__ — 

In. 500 g. 200 g. 100 g. 50 g. 

0.002 137 156 161 156 + to rolling 

0.002 139 159 165 162 || to rolling 

0.002 142 157 165 

0.003 147 163 166 

0.004 166 173 186 

0.006 175 183 190 

0.006 177 180 181 

0.008 205 201 208 eke 

0.004 67 8&4 92 98 Heated to 
400 deg. C. 

0.006 87 106 111 Heated to 
400 deg. C. 
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load in the EZ annealed specimen. Indentations 1 
and 2 in the matrix gave a hardness number of 
about 240 while 3 and 4 in the carbide particles 
gave a number of about 1430. 

In Table III the numbers for three Rockwell C 
test blocks are included for comparison. For both 
the “EZ and EZ-45" specimens the hardness num- 
bers for the carbide particles are practically the same 
while the number for the annealed matrix is 240 
and for the hardened matrix 840. 

Indentations made in the nitrided sample 2778, 
cut and polished perpendicular to the nitrided sur- 
face, are shown in Fig. 4b. Indentation 1 is 7y, 
2 is 40y, and 3 is 80 from the surface. The lower 
numbers at positions 4, 7, and 8u from the edge, 


TABLE Ill.—Hardness of Carbide and Nitrided 


Layer 
Sample I 
SRG Et PR arn 4 ob wid vinkieh 0600s ¥eabuwes 271 
oR Re Oe eee ere Peery 472 
Cs Re. 6 ov ay Uedeewe dead wane 789 
EZ Annealed 
MEE K50% obese e's.a ia oUSaw Ewa Eh es Oe 240 
DED: (6h. ¢ vearenuklsesee ea eens Cane 1430 
EZ-45 Hardened 
Dk 5's ss vue pis o's Candbics 6% hac bn 840 
RE Tad « cs cee See ou b.dh Othe es ueeein 1460 
SF Fe NT asa ce te rathcdiivebtaccceaesés 785 
Nitrided 
Distance from Edge 
does «bt deb seek y ire eest nee s cde bon 680 
i cach thnnbeade CGbA<en ecu’ ce ken oe 725 
OD Re Oe net Peres Pere nT a Pe 865 
TE waeaeé ide TS cE S a ktin o's dalle 1100 
SRS ee pp eee Pere 931 
De aes cuck hs Dewee sels? +s be ehdeweres 1108 
rE as, sel ec hbRcaes heees oad > 0 SE 1015 
SE Sodas ansde en Gb s+ <e pwede Cate end 955 
DUT 2-4 SAU dda Mae heeds cneesoensesens 930 
Pre eee) ey ee oe eee 910 
Ce RL Ls chee oe aa wat wes Caee ehes & 800 
SP cn ss 0d vewebhae bes atetes Fee davis 780 
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TABLE IV. 


Set No. 1.—Annealed Samples Nitrided for Different 


Lengths of Time 


Nitrided 
—_—_ OFF Hardness for Loads 
Sam- emp. +’ a 
ple Mins. deg. F. 2 kg. 1 kg. 500 g. 200 g. 100 g. 
0 0 1050 235 240 240 Ku 
1 11 1050 307 373 457 572 667 
2 31 1050 363 455 583 752 778 
3 61 1050 449 584 704 829 855 
4 121 1050 610 725 850 826 768 
5 181 1050 718 765 768 698 647 
6 241 1050 737 765 727 650 600 
7 301 1050 717 701 654 596 552 


Set No. 2.—Hardened Samples Nitrided for Different 
Lengths of Time 


8 11 1050 833 871 898 947 996 
9 61 1050 970 1042 1042 1080 Tr 
10 121 1050 1018 1062 1067 1097 
11 181 1050 1057 1097 1102 1114 
12 241 1050 1067 1095 1097 1081 


Set No. 3.—Drawn Samples Nitrided for Different 
Lengths of Time 


13 0 1650 751 755 744 eae ees 
14 4 1050 827 871 886 926 860 
15 11 1050 868 930 970 992 938 
16 30 1050 981 1033 1051 ees owe 
17 90 1050 1057 1124 1110 sas eas 
18 300 1050 1078 1085 1103 1077 1034 


Set No. 4.—Drawn Sam ples Nitrided at Different 


Tem peratures 
24 0 850 752 786 779 753 747 
25 30 850 776 814 847 838 844 
26 0 950 ‘oat 810 822 ins ‘si 
27 30 950 881 948 1004 1061 1104 
28 0 1000 769 798 809 $12 802 
29 30 1000 944 1007 950 933 878 
30 0 1150 Ree 744 747 AZ Re 
31 30 1150 930 990 1021 1015 1023 
32 0 1250 598 603 612 392 606 
33 30 1250 817 872 873 924 920 


Set No. 5.—Hardened Samples Nitrided at Different 


Temperatures 
34 31 900 830 860 868 905 900 
35 31 950 834 881 909 925 991 
36 31 1000 859 954 1012 1048 1044 
37 31 1050 908 959 1033 ‘1070 1100 
38 31 1100 963 1027 1044 1020 1030 


Table III, resulted from partial cracking at the outer 
side of the indentation. 

At depths from 10 to 20u, the maximum hardness 
was found; beyond 20, the numbers decreased until 
they became constant at the matrix value for depths 
greater than 60y. This shows that the effect of the 
nitriding reached a depth of about 0.002 in. and 
was a maximum to a depth of about 0.001 in. 

Nitrided High Speed Steel: The data shown in 
Table IV were obtained from specimens of nitrided 
18-4-1 high speed steel furnished by J. G. Morrison 
of the Landis Machine Co. and J. P. Gill of the 
Vanadium Alloys Steel Co., who recently presented 
the results of their investigation of nitriding this 
type of steel.® 

The different sets of specimens were annealed or 
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hardened and drawn before nitriding and the indi- 
vidual specimens of a set were nitrided for different 
periods of time or at different temperatures. All 
the samples were micropolished before nitriding 
except the specimens of Set No. 4 which were lapped 
before and micropolished after nitriding. The data 
given here are presented to demonstrate simply that 
the pyramidal indenter will measure the difference 
in hardness produced by the different nitriding 
treatments. Consequently no attempt is made to dis- 
cuss the metallurgical phases of the subject. 

The samples of Set No. 1 were annealed and of 
Set No. 2 were hardened, but not preheated before 
nitriding, and then immersed in the bath at 1050 deg. 
F. for periods of time ranging from 11 to 301 mins. 

These data show that the final numbers of the hard- 
ened samples are much higher than those of the an- 
nealed samples. The increase in hardness, however, 
produced by the nitriding is greater for the an- 
nealed samples. 

The data of Set No. 1 show the same effect of 
lower hardness numbers for thin layers and heavy 
loads that were found for thin plating and rolled 
sheets. The 11 minute nitriding produces a layer 
approximately 0.0005 in.; the 30 mins., 0.001 in.; 
and 60 or more minutes, 0.002 in. thick. It is esti- 
mated that here the necessary ratio of thickness of the 
layer to depth of penetration is between 6 and 10 
to 1. 

The specimens of Sets No. 3 were hardened and 
then drawn to about Rockwell C 64 hardness. The 
nitriding was done at 1050 deg. F. for time intervals 
ranging from 4 to 300 mins. 

The samples of Set No. 4 were hardened and 
drawn to Rockwell C 64 and 5 were nitrided for 30 
mins. at temperatures from 850 to 1250 deg. F. 


Fig. 5. Microhardness of decom- RP Micro. 
ta : Position hardness No. 
position products of a grain of 1 260 
austenite of high-purity iron-car- 3 690 
b /] / 2 os 4 ‘ 4 570 
on alloy containing 1.14 per 5 720 
cent C. Etched with 1 per cent : ase 
8 300 


nitric acid in alcohol. 350X. 
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Companion samples were heated in the preheat fur- 
nace to the same temperatures as the nitrided mate 
The hardness of samples nitrided at the lower tem 
peratures and at 1250 deg. F. is much lower than for 
those nitrided at temperatures near 1000 and 1150 
deg. F. 

For Set No. 5 the samples were hardened and then 
nitrided for 31 mins. at temperatures from 900 to 
1100 deg. F. When measured with the heavy loads, 
the highest hardness was produced by the 1100 deg. 
F. nitriding. 

From an inspection of all the data in Table IV, it 
appears that nitriding for about 90 mins. near 1100 
deg. F. should produce the maximum surface hard- 
ness. 

Metallographic Sample of Iron-Carbon Alloy: Fig. 
5 shows indentations in the different constituents of 
a metallographic specimen of high purity iron car- 
bon alloy prepared by T. G. Digges® of the Metal- 
lurgy Division of this Bureau. Indentations 1 to 9 


TABLE V.—Comparison of Indentation Numbers I 
and Brinell and Vickers Numbers for the 
Same Specimens 


Conditions of Test 


— —_— — — 





a 
— 
S 
: aes 
ar Zz .) 
x b wn 25 
~% 2s & 42 
Ne et ~ ve 
; 54 ts £ ws 
Specimen Ball ww az S Ez 
Rockwell C 65-67. 10mm.,Carboloy 3000 780 894 791 
“Gage No. 2...... 10mm., Carboloy 3000 745 848 779 
“Gage No. 1...... 10mm., Carboloy 3000 611 655 637 
Rockwell C 47... 10 mm., Steel 3000 456 493 496 
Rockwell C 25... 10 mm., Steel 3000 241 265 276 
Rolled Copper... 1/16 in., Steel 15 104 111 125 
Rockwell B 7-9.. 10 mm., Steel 500 52.8 58.2 59.2 


Fig. 6. (a) Indentations in molded boron carbide, 250X. 





(b) Indentations in polished diamond. 250X. 


were made with a load of 100 g. while those near the 
left edge of the figure were made with a load of 50 g. 
The nodule of troostite 25 to 30u in diameter (posi- 
tion 4) had a hardness number of 570 whereas the 
surrounding martensite (positions 3, 5, and 6) had 
a value of about 700. Determinations of the hard 
ness were also made in the coarse grain of lamella 
pearlite both transversely (position 8) and in th« 
direction of the laminations (position 9). 

The results show that the pearlite grain was ap 
parently softer in the direction of the laminations. 

The interesting feature brought out by the micro 
hardness test was the wide variation in values ob 
tained for the decomposition products of one grain o 
austenite, although the cooling rate must have beer 
uniform throughout the entire grain. The hardnes 
values determined ranged from about 190 for th 
soft pearlite to about 720 for the fully hardene: 
martensite. 

Comparison of Brinell, Vickers and I Number 
Indentation numbers were determined for several 
standard specimens with the pyramidal indenter, anc 
the Brinell and Vickers hardness machines. In Table 
V the indentation numbers I are 20 per cent greater 
than the corresponding Brinell numbers for sheet 
copper and agree with the Brinell numbers for steel 
C 65-67. Numbers I are 13 per cent greater for 
sheet copper and 12 per cent less for steel C 65-67 
than the corresponding Vickers numbers. In view 
of the differences in the shapes of the indenters and 
the bases of computation, these differences in the 
numbers could well be expected. 

Minerals and Abrasive Materials: The hardness 
numbers for minerals of the Mohs scale, and for 
several hard abrasive materials are given in Table 
VI. ‘The abrasive materials alundum, silicon carbide 
and boron carbide were furnished by R. R. Ridgway 
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TABLE V1.—Hardness of Mohs Minerals and 
Abrasive Materials 


Samples I 
CEE  outeu's Sc0b500% deawuwedb Benes t Fas 32 
REPELS bc cROD ONE dees Cade TERS teens eee 135 
PD \.06 on einné ees Latah kewsbbateh et ave 163 
sae OS Qe, . cnc heeas tab cr eebwrs ae 360 
pes ae ee PR rer Oe rs See reer 430 
PE ein cakes Cha Shae eed cdevus 490 
GD bea bes dab ee Sabb ie mente beaed 560 
Crystalline quartz 11 to axiS...csccccsces 710 
Crvethmne @anrts 1 fo GRBs. sac cencccce 790 
PE “Souci hnd os eeweaer elas dowekwdtbecs 1250 
STP OE LEP re CC LRE LT OL eer 1050-1500 
red AIGGNES TIOG Bs sui cecccecésb eves 1635 
re re BEM, BvenacePoesisveews s 1625 
mune Flew INO. 8. 2. cack ven ccsedies 1620 
ee EOS ES eS eae 1670 
DD UG Mook tins st eck veescoes 6s 1680 
Black Silicon Carbide No. 1..............- 2150 
Black Silicon Carbide No. 2..........ee0% 2050 
Green Silicon Carbide No, 1.............. 2130 
Green Silicon Carbide No. 2.........e+e0% 2140 
Molded Boron Carbide No. 1............ 2250 
Molded Boron Carbide No. 2............ 2260 
Molded Boron Carbide No. 3............ 2250 
ST %.cdibe make ® oan Pek te chaeete 8200-8500 


of the Norton Co. The minerals obtained from sev- 
eral sources were optically clear specimens. The num- 
bers are the average of several determinations made 
on one of more specimens which in some cases dif- 
fered appreciably. These results show that a big gap 
exists in the hardness scale between the hardest car- 
bides and the diamond. 

Fig. 6a shows five indentations made with a 500 g. 
load in molded boron carbide. Clear indentations 
similar to these were obtained with the other abra- 
sive samples and the point of the indenter showed 


no wear or injury. Fig. 6b shows three indentations 
made with a 1 kg. load in the polished surface of a 
clear octahedral diamond. 

In making these tests on the diamond, we found 
that the points of indenters having the small includ- 
ed angle from 112 to 126 deg. shattered before mak- 
ing a visible indentation on the plane surface. On 
increasing the indenter angle to 136 deg. the point 
stood the 1 kg. load and indented the plane diamond 
surface as shown in Fig. 6b. Under these latter con- 
ditions the results indicate that the point under com- 
pression is stronger than the plane surface in ten- 
sion, since both point and sample were clear crystals 
from the same lot. 

The extremely high force exerted by the minute 
point of the diamond tool in making the indenta- 
tions in these hard materials may be better appreciated 
when expressed in pounds per square inch, rather 
than in kg. per sq. mm. For hardened steel, the pres- 
sure computes to be over 1,000,000 Ibs.; for the 
molded boron carbide over 3,000,000 lIbs.; and for 
the diamond about 12,000,000 Ibs. per sq. in. 
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A Couple of 


A Chuckle and A Correction 


We have been advised, and with some justification, that 
the Letter to the Editor, July issue, page 54, “Uranium and 
Its Isotrope, U 235," should have been published as a 
Chuckle—of course, because of the spelling of Isotope 
with an r! 

We find that the author of the letter spelled the word 
correctly in his copy and that the typed copy that went to 
the printer also had the correct spelling. Our editorial di- 
rector, in commenting on the letter, characterized it as “an 
awful bull” and said, “we are not reverting to unsimplified 
spelling!” 

Imagine the editor's chagrin when he saw this mistake! 
There is no excuse for such an error which should have 
been caught in proof-reading (probably the proof-reader 
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Chuckles 


does not know Isotope from Isotrope). We still do not 
know how the letter r was introduced—one of the strange 
things that happen in this publishing business! 

Our readers have our apologies.—E.F.C. 


“White Hot Metal at 300 Deg.”! 


For a “chuckle” I nominate the temperature at the top 
of page 136 of the May issue of METALS AND ALLoYs— 
“white hot (300 deg. F.) metal.” 

J. T. MACKENZIE 


Calling this to our attention is not unexpected. It is 
another of those “typographical errors’ which unfortunately 
disconcert an editor now and then. Fortunately the caption 
of one of the illustrations was correct at 3,000 deg. F.— 
The Editors. 
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Failure of Low-Carbon Steel Still Tubes 


To the Editor: The examples of intergranular failures in 
both low carbon and low carbon plus 0.50 per cent Mo 
still tubes presented by Dr. Moore in the April issue, page 
123, are about the first of this kind to be publicized in 
the literature. I agree with Mr. Wright's comment that 
these fractures are of the creep to rupture type. 

Several years ago this type of fracture was experienced 
with the use of low carbon steel for mercury boiler tubing 
at temperatures in excess of 1000 deg. F. The occurrence 
of these brittle appearing fractures was especially alarming 
as the fractures usually took place with little or no warn- 
ing. After many rupture tests on plain carbon and low 
alloy steels had been made, it was found that identical frac- 
tures could be produced in the laboratory, and the con- 
clusion was reached that there was nothing unusual about 
the occurrence of this type of fracture. In fact, laboratory 
rupture tests on many types of alloys have indicated that, 
in the 900 to 1300 deg. F. temperature range, only the 
chromium bearing ferritic type alloys, with additions of at 
least 5 per cent chromium, will show complete freedom 
from failure by intergranular cracking in tests of long 
duration. The amount of elongation accompanying long time 
fractures varies appreciably, however, with the alloy com- 
positions, and in some instances is as large as if the frac- 
ture had been of the ductile, transcrystalline type. 

Mr. Wright's statement, that “We know now that in con- 
ventional tensile creep testing, if the stresses are high, non- 
ductile fractures can be developed,” intimates that only 
high values of stress will produce intergranular fractures. 
Of course, whether the fractures are transcrystalline or inter- 
granular it must be accepted that the stress was in excess 
of the long time rupture strength of the material at that 
temperature. Otherwise, failure would never have occurred. 
But rupture tests indicate that the most brittle fractures re- 
sult from tests of long duration where lower stresses are 
employed. In fact, with the application of exceedingly 





Fig. 1. Structure before testing of killed 0.17 per 
cent carbon steel. X250. 
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high values of stress that approach the short time high tem- 
perature tensile strength of the material, ductile transcrystal- 
line fractures usually result. Since higher temperatures and 
lower strain rates are known to favor the occurrence of 
intergranular cracking of metals, it seems most likely that the 
fractures presented by Dr. Moore are due to increased tem- 
perature rather than to increased stress. 

Some recent rupture test results at 1000 deg. F. on 
two low carbon steels, one killed and the other rimmed, 
lead one to believe that steel mill practice may also affect 
the susceptibility of carbon steels to failure by inter- 
granular cracking at elevated temperatures. The two 
materials were produced in the same mill, had the same 
heat treatment, and were very similar in composition. The 
results, although somewhat meager, indicate clearly that 
the killed steel was more susceptible to failure by inter 
granular cracking than was the rimmed steel. The com 
positions of the two materials are as follows: 


Killed Steel Rimmed Ste: 


Per Cent Per Cent 
CN Ln 6 ia ae Ae ae ee 0.17 0.15 
OLE EEE 0.43 0.46 
a EE OT Tee 0.020 0.020 
PASS .. sates RAT AS an 0.030 0.030 
EO ore ew ean wake} ae 0.19 trace 


Both materials were hot rolled and annealed at 1560 dey 
F. and had the following physical properties at roon 


temperature: 
Killed Steel Rimnned St: 


Ultimate strength, lbs. per sq. in. 66,400 61,400 
Yield point, Ibs. per sq. in....... 45,100 45,400 
Reduction in area, per cent..... 64.6 64.7 
Elongation in 2 in., per cent..... 36.5 39.0 
ee NO, rule nc ae anen 126 111 


The structure of the two materials as tested are shown in 
Figs. 1 and 2. 

At 1000 deg. F., rupture test results on the two materials 
were as follows: 





Fig. 2. Structure before testing of rimmed 0.15 per 
cent carbon steel. X250. 

























































Fig. 4. Structure at fracture of killed carbon steel. 

X250. Stresses at 8,000 lbs. per sq. in. for 1,875 brs. 

at 1,000 deg. F. Elongation 27.5 per cent in 4 in. 
reduction of area 45 per cent. 





BOTH MATERIALS HOT ROLLED @ INDICATES INTERGRANULAR 
AND ANNEALED AT 1560° F. TYPE FRACTURE 


KILLED 


ALL TESTS AT |O00°F IN AIR 


STRESS - 1000 LB /SQ. IN. 





\ 10,000 000 
TIME FOR FAILURE - HOURS 


Fig. 3. Rupture curves at 1,000 deg. for killed and 
rimmed carbon steels. 





Stress, Time for Elong. Red. 

I. bs. per Frac., in 4 in., in Area, 

sq. in. Hrs. Per Cent Per Cent Type of Fracture 

Killed Steel 

20,000 } 47.5 89 Transcrystallin 
15,000 4% 30 77.5 Transcrystallin 
12,500 186 46 70 Transcrystalline 
10,000 894 34 50 Intergranular 
8 000 1875 7 45 Intergranular 
6,000 5100 20 38 Intergranulat 


Rimmed Steel 
0,000 35 min. +7 88.7 Transcrystallin« 
5,000 8 hrs. 31.2 20.8 lranscrystallins 
,000 169 53 0) 


so 
s 


ranscrystalline 


I 
.000 337 59 gs lranscrystalline 
7.000 1434 61 82 lranscrystalline 
I 


6,000 3570 59.5 ( 


1 


Transcrystalline 


The log-log rupture curves for these results are shown 
in Fig. 3. Typical microstructures of the long-time frac- 
tures are shown in Figs. 4 and 5 for each material. It is 
evident that although the rimmed steel is somewhat weaker 
in rupture and probably creep, the amount of hot ductility 
accompanying long-time fractures is considerably greater 
than is that of the killed steel. By extrapolation, the 
minimum elongation at fracture that could be expected in 
100,000 hrs. for the killed material, as shown in Fig. 6 
from the log-log plot would be about 10 per cent in a 
i-in. gage length. 

For the test of longest duration on the killed material 
creep measurements were obtained. The resulting creep 
curve, as shown in Fig. 7, indicates that the regions of 
decreasing and constant creep rates are exceeded before 
1 per cent of plastic strain has occurred. Fig. 8 is a 
logarithmic plot of the results shown in Fig. 7, and indi- 
cates the phenomenon more clearly. These results suggest 
the possibility that carbon steels at 1000 deg. F. may 
actually be in a state of failure under conditions of 


Fig. 6. Elongation at fracture—time curve for killed 
carbon steel. 


KILLED CARBON STEEL 
TESTS AT 1000F 


@ INTERGRANULAR FRACTURE 


~ INCHES IN 4IN 
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ELONG. AT FRACTURE 


10 100 1000 0.900 
FRACTURE TIME - HOURS 


Fig. 5. Structure at fracture of rimmed carbon steel. 

X250. Stressed at 6,000 lbs. per 5q. mn. for 3,570 brs. 

at 1,000 deg. F. Elongation 59.5 per cent in 4 in. 
SEPTEMBER, 1940 reduction of area 67 per cent. 
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Fig. 7. Creep to fracture curve for killed carbon steel. 


constant stress after very small values of plastic strain 
have occurred. 

R. H. THIELEMANN 
Research Laboratory 
General Electric Co. 
Schenectady, N. Y. 
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Fig. 8. Creep to fracture curve for killed carbon steel. 


Editorial Comment 


It is worthwhile to have on record such data as are here 
presented by Mr. Thielemann. However, laboratory results 
of this sort should not make the engineer close his eyes to 
the fact that long service of plain carbon and carbon- 
molybdenum steels, at loads and temperatures dictated by 
past experience, has been so devoid of failures of this 
type that publication of an instance of actual failure is in 
the nature of a museum exhibit. 

That such steels, at loads and temperatures used in 
sensible design, serve out their allotted lives, even though 
if mistreated by excessive loads or temperatures, this type 
of failure can be produced, merely indicates that a good 
thing can be mistreated. We do not condemn blotting paper 
because it does not serve as armor plate. 

In considering data of the type presented by Mr. Thiele- 
mann, let’s be thankful for the data, but let's preserve our 
sense of perspective. 

Who, in his senses, suggests using even killed carbon 
steel at 6,000 Ibs. per sq. in. at 1,000 deg. F.? The Boiler 
Code limits loading to 5,600 Ibs. per sq. in. at 900 deg. F. 
and to 2,000 Ibs. per sq. in. at 1,000 deg. F—H.W.G. 





Continuous Casting—Hazelett’s New Mill 


To the Editor: Permit me to call your attention to a mis- 
statement which appeared on page 68 of the July issue of 
METALS AND ALLOYS. 

In the last paragraph of the composite digest on “Con- 
tinuous Casting” you state that “American Metal Co. and 
Scovill Mfg. Co. are jointly experimenting with Hazelett's 
new ring-type mill, which can turn out metal at 500 ft./- 
min., produces brass comparable in ordinary physical prop- 
erties with conventionally made materials, and is etc.” 

Please note that neither The American Metal Co. Ltd., 
nor the Scovill Manufacturing Co., nor these two companies 
jointly, have carried out any experiments with Mr. Haze- 
lett’s ring-type mill. All of the experimental work which 
these companies conducted some years ago was done with 
Mr. Hazelett’s earlier type mill so modified as to permit 
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careful control of the temperature and the atmosphere sur- 
rounding the metal being roll-cast. 

As a result of these modifications, it became possible to 
produce continuously a roll-cast sheet of oxygen-free metal 
having physical properties similar to those of the same 
metal made by the conventional methods. But as said be- 
fore, this had nothing to do with Mr. Hazelett’s so-called 
high speed mill. 

SIDNEY ROLLE 
Assistant Manager 
The Scomet Engineering Cg., New York 

Eprror’s Note: Mr. Rolle is of course correct. The 
statement published in our digest represents an editorial 
error on our part in preparing the “‘composite’’ in question, 
due to a misunderstanding of the true situation. Neither 
Mr. Hazelett nor the authors whose articles were incorpo- 
rated in that digest made the statement in question —F.P.P. 
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A Pb-Sn-As Wiping Solder 


To the Editor: 1 was much interested to read in the 
March, 1940, issue of METALS AND ALLoys, the article “A 
Lead-Tin-Arsenic Wiping Solder’ by Schumacher and 
Phipps, in which it is claimed that a new wiping solder 
has the following virtues: 

1. An increased buttery or plastic character. 

2. A reduced tendency for oxide formation. 

3. A more refined grain structure. 


It seems peculiar that out of the multitudes of skilled 
artisans who have used arsenic solder (whether they knew 
it or not) for generations, no one has previously recognized 
its advantages. It seemed of interest to compare, as to 
drossing, the arsenic solder with ordinary solder of equal 
purity and under identical conditions. 

Experimental observations were made as follows: Some 
38/62 solder was prepared from Chempur tin (purity 
99.99%) and electrolytic lead (purity 99.99%). Two 300- 
gram samples of the alloy were placed side by side in a 
two-compartment type porcelain crucible and heated over a 
Bunsen burner in such manner that both portions of metal 
were exposed to exactly equivalent thermal conditions. To 
one portion was added sufficient arsenic to make a 0.10 per 





cent arsenic alloy, and a little rosin to reduce oxidation and 
accelerate wetting; to the second portion was added rosin, 
but no arsenic. When the arsenic had dissolved, the ingots 
were removed and washed well in turpentine to remove all 
rosin; the crucible was also thoroughly cleaned. The ingots 
were then replaced in the crucible, and heated as before (but 
without rosin) until melted; the molten metal was then 
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carefully skimmed. The temperature was then raised to 
400 deg. C., and held constant for 6 hrs., at which tem- 
perature both metals formed a rich, golden colored oxide. 
At intervals of 1 to 2 hrs. during this period, the oxide was 
carefully skimmed from the surface of each metal and the 
gold-colored scum allowed to reform. No difference could 
be observed in the colors of the respective oxides, the rate 
at which they formed or the apparent volumes produced. 

The tests were repeated at temperatures of 340 and 290 
deg. C. The observations at these lower temperatures were 
the same as those at 400 deg. C., with the exception that 
the color of the oxide formed on the pure solder is slight- 
ly bluish while that on the arsenic solder remains more near- 
ly golden. This slight difference in the color of the oxide 
does not appear to be associated with any difference in re- 
spective volumes and it hardly seems reasonable that ordinary 
solder will form more dross at a low temperature than at a 
high one. (Apparently no appreciable amount of arsenic 
was volatilized during these tests as the arsenic constituent 
can be readily identified in subsequent photomicrograph 
Al). 

The observations of Schumacher and Phipps on micro- 
structure require further interpretation and explanation. 

When molten solder is cooled slowly from a high tem- 
perature, the microstructure is dendritic whether the solder 





contains arsenic or not. Photomicrographs P1 and Al1 re- 
veal the microstructure of the pure and the arsenical solder 
at 50 magnifications when the two metals are slowly cooled 
side by side from a molten condition at 300 deg. C. 

It is important to note, however, that solder is not ap- 
plied this way commercially. The application of wiping 
solder in particular does not call for slow cooling from a 
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molten condition. Photomicrographs P2 and A2 reveal the 
microstructure of the two types of solder when cooled nor- 
mally; it will be observed that there is no apparent differ- 
ence in the microstructure of the two alloys. These condi- 
tions more closely approximate those encountered on a tele- 
phone wiping job. 

These observations on microstructure should not be inter 
preted to mean that they are of particular practical signifi- 
cance. The quality of a soldered connection is determined 
by the extent to which alloy formation has taken place on 
the metal that is soldered; if thorough alloying action has 
taken place, it makes little difference whether the unal- 
loyed solder is dendritic or not. Leakage in soldered con- 
nections is caused by inadequate alloy formation—not by 
porosity of component metals : 

CLIFFORD L. BARBER, 


. Research Chemist, 
Kester Solder Co., Chicago. 


> 


Roosevelt or Willkie? 


To the Editor: One of my editorial associates has suggested 
that I send the editors of a number of business papers copies 
of an editorial published in the June 13 issue of Railway 
Age, and I am accordingly sending you a copy of it herewith. 

I have devoted most of my active life to studying and 
writing on economic subjects, just as other men have de- 
voted themselves to studying and writing upon engineering, 
legai or medical matters. There can be, and is, in my opin- 
ion, no disagreement among sane Americans regarding the 
imperative necessity of arming this country adequately to 
defend itself against any possible foes or combination of 
foes. I have no doubt that this policy will be followed 
whichever party is successful next fall. 

This being the case, I believe that the real issues of this 
volitical campaign are (1) which candidate, if elected, is 
more likely to do an efficient job of providing for national 
defense, and (2) which is more likely to follow policies 
tending to revive business and thereby make the country 
better able economically to stand the strain and expense of 
military preparation. 

On the record, I have no doubt whatever that, in view of 
the conditions confronting us and the problems which must 
be solved, Mr. Willkie would, as president, rneet the test 
of these two issues much better than Mr. Roosevelt. I am 
as certain as I ever was of any future thing that, if Mr. 
Roosevelt is re-elected, there will not be for another 4 yrs. 
anything resembling real economic recovery and prosperity; 
while, if Mr. Willkie is elected, real economic recovery will 
begin the next day and continue until business in this coun- 
try becomes as good as it ever was. 

In view of these facts, the Simmons-Boardman_publica- 
tions, as business papers, will during this political campaign 
advocate the economic policies for which we believe Mr. 
Willkie stands, and oppose the economic policies for which 
we know Mr. Roosevelt stands and which have prevented 
recovery in this country for 7 yrs. 

I would appreciate equally frank statements from you and 
other editors indicating what your policy during the political 
campaign is going to be. 

SAMUEL O. DUNN 


METALS AND ALLOys is not a business paper; it's a jour- 
nal of metallurgical engineering. It doesn’t seem necessary 
to devote much space to so obvious a matter, for engineers 
can add up two and two to make four. In fact, we have met 
only one metallurgical engineer who was ever a New Dealer. 
This one was for a time, but when the Supreme Court pack- 
ing attempt was made, he became, and remains strongly, 
anti-N.D. The Editorial Director of METALS AND ALLOoyYs 
agrees completely with Mr. Dunn.—H.W.G. 








More on “Wanted-Words” 


To the Editor: 1 was very much interested by the June 
editorial on yield strength. 

With your entrance into the discussion I hope that a real- 
istic mode of thought may come to prevail, and that a clear 
differentiation may be made between Yield Point, which is 
a definite characteristic of material, and the so-called Yield 
Strength, which exists only by some arbitrary definition. 

Your suggestions are constructive, as always, but may per- 
haps be extended. I should like to offer some suggestions 
as to naming the babies you present. To clear the way | 
set down some of their genealogy, with which you are, of 
course, familiar. In 1927 Templin (Proc. A.S.T.M., Vol. 
27, p. 244) and in 1928 Lessells (Proc. A.S.T.M., Vol. 28, 
p. 390) were talking about “Yield Point’’ (sic) determined 
by the plastic strain method. J. A. Capp protested (p. 393, 
Vol. 28) and at some later date the terminology was im- 
proved slightly, the plastic strain method point being named 
Yield Strength,” while the method was called the “‘offset 
method,’ a line being drawn parallel to the Young's 
Modulus line at an arbitrary offset, which for acceptance 
tests often corresponds to 0.2 per cent strain. The sponsors 
of this arbitrary characteristic of the material selected the 
name Yield Strength, probably because it was intended to 
serve some of the purposes of the well-established Yield 
Point value. This may have been helpful to the structural 
engineer, but unfortunately it suggests that the testing engi- 
neer has failed to recognize the essential difference between 
two different characteristics. Yield Point is a perfectly def- 
inite characteristic of wrought iron and the mild steels, 
while Yield Strength is determined by some arbitrary def- 
inition only. It seems regrettable that the old established 
name should have been so nearly infringed on. 

If we are to work freely with routine acceptance by speci- 
fications requiring the offset method, and are also to study 
the habits~of your “diaper yield strength,” would it not 
be desirable to set up distinctive names to avoid confusion 


with the Yield Point? 


We are dealing with a strength, perhaps more accurately 
a stress, at which there is a definite offset from the elastic 
line. I suggest as a generic name “Offset Strength.” If 
this is accepted, your first indication of plasticity might well 
be named the ‘Nascent, or 2/100 per cent Offset Strength.” 
This might be abbreviated to the “N Offset Strength.’ The 
acceptance specification limit, or the value to be used by the 
structural designer, represents a point at which plasticity 
begins to be fully developed, the dangerous stage appears; 
and for this I suggest the “‘Pubescent, or 2/10 per cent Off- 
set Strength,” easily nicknamed the “P Offset Strength.” 

If “Offset Strength” were adopted, the Navy Proof Stress 
could logically be named ‘‘Strain Strength,” with a deter- 
mining percentage as a prefix. 

Also, with the N and P Offset Strengths understood, it 
would be convenient to talk of the N/P Ratio and study 
this for the various materials. 

If you think well of these names, I see no reason why 
the A.S.T.M. should hesitate to accept definitely descriptive 
names. It seems to me that Yield Strength would be better 
off if it had a name of its own and did not use one which 
suggests that it is trading on the reputation of its older 
brother, Yield Point. 

LAWFORD H. Fry 


Edgewater Steel Co., Pittsburgh, Pa. 
, 


P.S. Since this was written I have seen Prof. H. F. 
Moore's letter on the subject in your July issue. His sug- 
gestion of “Offset Yield Strength’, abbreviated to “‘oys’ 
is good, but I think that it can be simplified and improved 
by going to “Offset Strength’ with the abbreviation “‘o. s.” 
analogous to T. S. for Tensile Strength. L.H.F. 
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WELDING AND CUTTING 


I: would seem as though the story of 


the advantages in and the expansion of 
welding as a fabrication method has been 
told so often that further comment is su- 
perfiuous, yet it is true that new applica- 
tions are constantly being made, and in 
man) of them new design twists or previ- 
ousl;-undiscovered welding-values are in- 
volved. One factor that has been both a 
cause and an effect of welding expansion 
is the continual development of welding 


equipment, materials, electrodes, rods, etc. 
offering the metallurgical engineer new 
processing economies or better quality welds 
and welded products. 

The foundryman’s early and understand- 
able antipathy to welding has been gradu- 
ally overcome through his recognition of 
its utility in the production of composite 
(welded castings) fabrications, and through 
its value in repairing defective or broken 
castings. General Electric Co., Schenec- 
tady, N. Y., for example, recently reported 
that the repair of a break in the bed of 
a 50-ton cast iron stamping press by arc 
welding saved its owners (the Samuel 
Stamping and Enameling Co., Chattanooga, 
Tenn.) more than $1000 in replacement 
cost and several days of production time. 
Using GE shielded arc electrodes, the break 
(through a section 30 in. long, 12 in. deep 
and 4 in. thick) was welded without pre- 
heating or machining at a cost of only 
$125. The record is full of similar cases. 

The great dependence of engineers on 
modern welding as a fabrication method is 
well illustrated by a report, also from Gen- 
eral Electric, that on the recent founda- 
tion construction of three Cleveland bridges 
two 300-amp. GE arc welders were kept 
going continuously for 3 months, 3 shifts 
a day, without even a shut down between 


shifts. 
An Arc Welder for Light Work 


; With all the development of better weld- 
Ng €quipment in recent years, the produc- 
tion of satisfactory arc welds in metals 
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thinner than 18-gage has remained a prob- 
lem. Originally for their own requirements 
of this type and now for general sale, Allis- 
Chalmers engineers developed, the ‘“Weld- 
O-Tron”’, a new low-current§ electronic 
welder that can weld sheets as thin as 
32-gage. 

Hardware, cutlery, small alloy castings, 
light seamless tubing, business machine as- 
semblies, auto bodies, trains and airplanes 
are all mentioned as fields for application 
of this new welder. With it currents as 
low as 5 amps. can be used, employing 
specially developed 1/32 and 3/64 in. elec- 
trodes for better control in fast, accurate 
welding. 

The Weld-O-Tron electronic arc welder 
is a portable 6-tube mercury arc rectifier 
that converts a.c. into d.c. for welding pur- 
poses, using the newest type of hot-cathode 
rectifying tubes. The claimed superiority 
of the joints it produces over the soldered 
or brazed joints commonly used for thin 
metals are said to open innumerable de- 
sign possibilities for the engineer. 


New Diesel Arc Welder 
with Gas-Engine Starting 


The application of gasoline engine 
starting on diesel-driven arc welders, an- 
nounced previously on a 300-amp. unit by 
Lincoln Electric Co., Cleveland, Ohio, has 
been further extended to a 400-amp. model. 
This advance is said to make available 
easy starting in any weather plus fhe in- 
herent economies of diesel drive in the 
many applications for engine-driven weld- 
ers of capacities up to 400 amps. 

The gasoline engine is a small auxiliary 
mounted above the diesel, and is started 
by means of a hand crank. The “Shield 
Arc SAE” arc welding generator on the 
new diesel welder is equipped with ‘dual 
continuous control’’ of arc voltage and 
current and other Lincoln features. The 
price of the new equipment is said to com- 
pare favorably with conventional gasoline- 
engine-driven arc welding sets. 
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New Build-Up Welding Rod 


Intelligent use of available electrode ma- 
terials and types is half the battle in ob- 
taining good welds, whether for production 
or repair. The American Manganese Steel 
Div. of American Brake Shoe & Foundry 
Co., 389 E. 14th St., Chicago Heights, IIl., 
has introduced Amsco Mo-Mang welding 
rod, described as a low-cost manganese- 
molybdenum steel rod for building-up 
worn high-manganese, carbon steel and 
gray iron castings. 

Available in 18-in. lengths in the bare 
form for straight d.c. welding and in the 
combination coated form for both d.c. and 
a.c. applications, Amsco Mo-Mang is rec- 
ommended for straight build-up welding to 
compensate for wear as encountered by 
bucket lips, crusher hammers, jaws, etc. 
It is not intended to replace Amsco Nickel 
Manganese rod for high tensile strength 
and shock resistant service. 


Auxiliaries for Arc Welders 


Two manufacturers have just announced 
additions to their lines of arc welding 
auxiliaries. To permit the use of arc weld- 
ing machines—such as the Wilson “Hornet” 
—on either of two line voltages at differ- 
ent times, a new dual voltage switch (type 
CH) has been developed by Wilson Weld- 
er & Metals Co., Inc., 60 E. 42nd St., 
New York. The new device can be used 
on any a.c. motor provided the motor and 
starter are reconnectable for 2 voltages. 

With the switch installed, the change 
from one line voltage to another requires 
less than a minute, as compared with the 
usual 14 to 2 hrs. for changing heater ele- 
ments, and disconnecting and reconnecting 
the motor and magnet coil leads. The 
standard dual voltage switch is designed 
for 220-440 volts of a delta-connected 
motor, but other connections are readily 
obtainable. 

A new paralleling arrangement to com- 
bine the capacities of two or more P&H 
Hansen WD-150 welders has been de- 
veloped by Harnischfeger Corp. of Mil- 
waukee. With the new hook-up, an oper- 
ator has at his disposal the aggregate cur- 
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rent of two or more macnines ror peak 
loads. When the connection is cut, each 
machine can be used separately, thus dou- 
bling or tripling welding production, it is 
said. 

The square frame design of these welders 
enables them to be stacked one above the 
other for multiple operation. Current selec- 
tion is accomplished by a single control, 
the generator automatically responding with 
the desired current. 


Neu Spot W elder 


A new improved line of foot-operated 
rocker arm type spot welders with all- 
welded steel bases and other innovations 
is announced by Acme Electric Welder Co.., 
Huntington Park, Cal. Type O, with sta- 
tionary lower horn holder and Type 1 with 
swivel lower horn holder are manufac- 
tured in 10, 15 and 20 kva. capacities and 
in throat lengths of 12 to 36 in., com- 
plete with water-cooling equipment. 

These Acme “Hot Spot’ welders, as 
they are known, feature the use of malle- 
able iron or steel for major mechanical 
parts, pure electrolytic copper castings for 


extra heavy horn holders, cadmium plat- 
ing on exposed steel parts, bronze bushed 
steel rocker arm bearings and high grade 
silicon-coated transformer iron. 


Bronze Welding 


A new liquid flux and its dispenser, for 
use in bronze welding ferrous and non- 
ferrous materials, have been announced by 
Linde Air Products Co., a unit of Union 
Carbide and Carbon Corp., 30 E. 42nd St., 
New York. Called “Oxweld Brazo Vapor 
Flux’, the new agent is said to be of great- 
est value on production work where the 
bronze-welding operation is continuous, the 
metal sections being joined are relatively 
light, and the joint is sufficiently exposed. 

Because of the economical method of ap- 
plication, the flux is active only at the 
actual point of contact of the flame, and 
its use is therefore limited to standard 
bronze-welding applications that do not 
depend on capillary flux action. It is not 
generally recommended for use on cast 
iron, although satisfactory results can be 
obtained if the cast iron is clean. 

The new flux must be used in conjunc- 


tion with a special dispenser of the bubble 
type. Application of the flux is auto. 
matically controlled, with no waste from 
excessive use of flux, it is said. One gal. 
lon of the new material is sufficient to flux 
1000-1500 cu. ft. of acetylene. 


Flame Positioner 


A recent addition to the line of welding 
stands manufactured by Cullen-Friestedt 
Co., Chicago, Ill. is the new 1200-lb. ca- 
pacity Model 12 positioner. Like other po- 
sitioners of this line, the new model can 
be tilted a total of 135° from horizontal 
and the table can be revolved through a full 
circle regardless of angle of tilt. The table 
is removable for jig or fixture attachment 
and is adjustable in height. 

The new unit can be furnished for man- 
ual operation, or fully-powered with inde- 
pendent motor and controls for table tilt 
and rotation. It is claimed that the uni- 
versal table adjustment reduces the num- 
ber of passes required, diminishes rod con- 
sumption and improves weld quality by 
permitting all work to be done in a hori- 
zontal trough. 





Electric Tubing Inspector 


With tubing coming into constantly 
wider use, not only for carrying liquids or 
gases but for structural purposes as well, 
considerable interest is attached to equip- 
ment for rapid detection of defects in 
tubes. Sperry Products, Inc., Hoboken, 
N. J., has developed a non-destructive elec- 
tric ‘‘detector’’ for production inspection in 
tube mills that is claimed to be able to 
detect slivers, seams, dents, leakers in 
welds, etc. at speeds of 30 to 100 ft. per 
min., in non-magnetic or magnetic metals. 





The defects revealed may be internal or 
external, visible or invisible to the eye, and 
upwards of ¥@ in. long with depth equal 
to 4 the wall thickness. The detector is 
said to be compactly constructed and to be 
amenable to simple and efficient operation 
by one man; automatic control stops the 
tube movement at each defect signal. The 
detector is supplied on a rentai basis. 


Rearmament and Carbide Tools 


At the risk of being repetitive—which 
under the circumstances is hardly a damning 
indictment—we emphasize once more the 
important facts that time is of the essence 
in the National defense program, that 
heavily “tooled’”’ industries like the auto- 
motive cannot from dusk to dawn be con- 
verted to “1,000-a-day” aircraft production, 
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and that every feasible means of increasing 
machine tool capacity must be employed if 
serious delays are not to be suffered. 

A. C. Wickman, president of A. C. 
Wickman, Ltd., a leading British ma- 
chinery manufacturer, and also president 
of the British Hard Metal Association, 
stated recently that automotive equipment 
has proven useless for the production of 
aircraft and aircraft engines in England. 
Strictly automobile manufacturing equip- 
ment can be used in war time only for the 
production of ambulances, trucks and 
similar vehicles. British rearming, long 
delayed, is now vitally dependent on 
maximum production from relatively new 
factories with entirely new equipment 
solely for the manufacture of aircraft. 

Every device possible to squeeze the 
maximum production from all British 
armament plants is now employed, and 
particularly the use of carbide cutting tools 
for stepping up production, not only of 
armament itself but of the machinery for 
its manufacture. With the use of these 
carbide materials, Wickman said, produc- 
tion has been multiplied 4 times for steel 
and 6 times for cast iron. For example, 
certain operations in the machining of 
3.7-in. shells that required 28 min. ma- 
chining time in the last war are now 
completed consistently in less than 5 min. 
Wickman added that American applica- 
tion of carbide tools is way behind British 
and German. 

However, several American machine-tool 
manufacturers are already reported by Car- 
boloy Co., Inc., Detroit, to have increased 
their effective production capacity 30 to 50 
per cent through the use of cemented car- 
bide tools for machining steel as well as 
cast iron. Impressive improvement figures 
are cited for Gisholt in turning SAE 1045 
steel spindle shafts; for Monarch (nearly 
300 per cent increase) in machining SAE 
2350 lower gear shaft boxes; for Warner 
and Swasey on rough and finish machining 
hand-forged spindles; for Bullard on SAE 


1045 spindles; for Gisholt on taper bor- 
ing Ampco No. 18 bronze worm wheels, 
and many others. 


Motorized Nose-Pour 
Crucible Melting Furnace 


Brass, aluminum, nickel, iron and rare 
metals are among the materials that can be 
efficiently melted in a new motorized nose- 
pouring crucible furnace, according ‘o its 
manufacturers, Fisher Furnace Co., 1740 
North Kolmar Ave., Chicago. The {.rnace 
is said to be particularly well adapt: d for 





ingots, permanent mold castings, filling 
transfer ladles, pouring bearing metals, etc. 

The pouring operation is completely 
motorized, with positive-safety, finger-tip 
control. The special trunnion mounting 
‘permits low construction and is so located 
with respect to the pouring lip that a con 
stant pouring arc is maintained regardless 
of degree of tilt. The rate of pouring 1 
under instant and positive mechanical con- 
trol, and automatic “‘safety stops’ prevent 
the operator from tilting the furnace be- 
yond the two maximum extremes of the 
tilting range. 

The furnace, available in either oil of 
gas-fired units, is built in sizes for ¢fu- 
cibles 150 to 400. 
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Continuous (impact) Casting 


Details of the Merle process for “impact 
casting’ of such products as ingots, slabs, 
tools, sand castings, die castings and direct- 
rolled strip have been sent to us by J. M. 
Merle, 9641 So. Oakley Ave., Chicago. The 
process was mentioned in a composite di- 
gest on “Continuous Casting” in our July 
issue (p. 66) but no adequate description 
was given there or in the original articles 
rom which the “‘composite’’ was prepared. 

In the Merle “film impact’ method, the 
molten metal stream from the ladle is con- 
tinuously and instantaneously formed into a 
thin film of controlled thickness propelled 
at high velocity by a moving, clean metallic 

ction selected as to nature and dimen- 
sions to produce the maximum heat-re 
noval from the molten metal film. The 
length and periphery are designed to per- 
mit continuous transfer of the heat received 
to the air or to a liquid coolant. 

It is stated that crystallization is uniform, 
gases are eliminated and segregation absent. 
lhe super-cooled film is directed into the 
mold to strike it under high velocity, or 
through lower-velocity feeding nozzles for 
id castings, if desired. For direct rolling 
thin strip of all metals, including bi- 
tallic strip, the molten metal film is 
ied to the desired dimensions through 
rol of the peripheral velocity of the 
forming rim. The top roll is water-cooled 

counter-balanced. 


Center-Fired Rotary Furnace 


new type of rotary forging and heat 
ting furnace developed by Mahr Mfg. 


( Minneapolis, Minn., is said to offer 
unusual temperature uniformity within the 
furnace, together with a minimum of scal- 


ine and decarburization, by virtue of its 
single-burner center-firing design. 

\ single burner at the bottom of the 
hearth fires up through a long combustion 
cone, which gives the combustion-product 
system full opportunity to attain equi- 





librium before coming in contact with the 
steel. This principle is also claimed to 
Provide a furnace free from cold spots, 
even at the furnace door. The single burner 
feature is said to assure close uniform con- 
trol over furnace atmosphere, too. 

The furnaces are either oil- or gas-fired, 
Provide temperatures from 1400 to 2500 
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deg. F., and are available in hearth diam- 
eters from 4 to 9 ft. Other interesting 
features are an automatic stack damper for 
maintaining positive pressure within the 
furnace, a new improved type of sand seal, 
and a special air-curtained door to protect 
the operator from the heat. 


@ Breakage of the porcelain on spark 
plugs by steel sockets on the spark plug 
wrenches has been eliminated by tool manu- 
facturers who have redesigned the tool by 
modifying its shape and dimensions and by 
using neoprene inserts inside the steel 
socket, reports the Rubber Chemicals Div. 
of E. I. duPont de Nemours & Co., Wil- 
mington, Del. 


Pot-Hardening or 
Non-Ferrous Melting Furnace 


Of interest to tool and die shops and to 
others concerned with salt, cyanide and 
lead hardening, and also to pattern and 
model makers or others required to melt 





small amounts of aluminum, brass, etc., a 
new melting and pot-hardening furnace, 
No. 550, is announced by Johnson Gas 
Appliance Co., Cedar Rapids, Iowa. The 
model is especially convenient for small 
parts or for small-volume production. 

The equipment as illustrated, complete 
with lid derrick for lifting lid, Johnson 
blower and steel pot (8 in. diam. x 10 in. 
deep) is priced at $112.00 f.o.b. Cedar 
Rapids. Temperature is said to be easily 
regulated and gas consumption is reported 
to be low. 


@ The formation of the Fred J. Ryan Co., 
5244 Germantown Ave., Philadelphia, for 
rendering general furnace and industrial 
metallurgical service in the Eastern area 
is announced by Fred J. Ryan, previous 
president of R-S Products Corp., who dis- 
posed of his interest in the latter corpora- 
tion over a year ago. 


@ To isolate sections of the new Boston 
pressure aqueduct temporarily when tests 
are made for water-tightness, dished bulk- 
heads formed to shape from one piece of 
rolled steel plate will be used. The bulk- 
heads, over 11 ft. in outside diameter and 
1 in. thick, were manufactured by Lukens 
Steel Co., Coatesville, Pa. 


Gray Iron Research Program 


The recently-organized Gray Iron Re- 
search Institute has arranged to conduct a 
program of foundry research at Battelle 
Memorial Institute, Columbus, Ohio, the 
director of the latter institute announces. 

The Gray Iron’ Research Institute, 
chartered as a non-profit corporation to 
engage in research for the “gray iron in- 
dustry”, includes among its charter mem- 
bers Advance Foundry Co., Buffalo Foun- 
dry and Machine Co., The Bullard Co., 
Carondelet Foundry Co., Chicago Hard- 
ware Foundry Co., Forest City Foundries 
Co., Fremont Foundry Co., Spring City 
Foundry, United States Pipe and Foundry 
Co., and Worthington Pump and Ma- 
chinery Co, 

The first part of the program, investiga- 
tion of the fundamental principles of cupola 
melting, is expected to provide the ground- 
work for more accurate control of metal 
quality and lower operating costs for the 
member foundries. At Battelle the experi- 
mental work will be directed by Dr. C. H. 
Lorig and Mr. R. A. Sherman. Mr. John 
Lowe will serve as contact man between the 
laboratories and the member foundries. 


@ Ninety per cent of a group of house- 
wives who had been using refrigerators 
with porcelain enamel finishes over 5 years 
answered yes to the question, “Do you 
want the same finish on your next refrigera- 
tor?’’ when it was asked in a recent survey 
by Porcelain Enamel Institute, 612 North 
Michigan Ave., Chicago, the Institute 
reports. 


Lightweight Compressor 


Ingersoll-Rand Co., Phillipsburg, N. J., 
has just introduced a new 2-stage air-cooled 
compressor, known as the D-60, that de- 
livers 60 cu. ft. of free air per min, at 
a discharge pressure of 100 Ibs. 

The unit is reported to be inexpensive, 
reliable, compact and light in weight. It 
will operate most of the grinders, paint- 
sprays and other pneumatic tools that are 
in common use with much larger portables. 
Three types of mountings are available, all 
built around the same gasoline engine-com- 
pressor plant—the Pushabout (illustrated) ; 





the Deluxe, a spring-mounted, high-speed 
trailer unit with built-in tool boxes; and 
the Uzility, mounted on a steel base and 
capable of direct mounting on a service 
truck. 
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New Appointments and Promo- 
tions for Metallurgical Engineers 


H. M. Lane, with 40 yrs. experience in 
the design of foundries and the installation 
of equipment, has become foundry research 
engineer for Paul Maehler Co., Chicago. 

.C. S. Thayer, superintendent of the Ni- 
agara Falls plant of Aluminum Co. of 
America, has been made general plant su- 
perintendent of the company’s new Van- 
couver, Wash., plant... . William F. Zerbe, 
chief metallurgist of Central Iron and 
Steel Co., Harrisburg, Pa., has become as- 
sistant general superintendent, succeeding 
1. E. Eck, elevated to general superin 
tendent of operations of that company. . . 


Elmer E. Legge, formerly district director 
of research at Worcester for American 
Steel and Wire Co., has been appointed 
assistant director of research for the com- 
pany at its Cleveland offices. Derick 
S. Hartshorne, Jr. is the new technical 
director of Enthone Co., manufacturer of 
plating and finishing chemicals, New 
Haven, Conn. . John Lowe recently 
joined the technical staff of Battelle Me- 
morial Institute, Columbus, O. as foundry 
engineer. ' 


Leon B. Rousseau, formerly 
industrial 


heating specialist for General 
Electric Co., has been named district sales 
manager for Ajax Electric Co., Inc., Phila- 
delphia. 


J. C. Witherspoon of American Steel & 
Wire Co. is being transferred to general 
superintendent of the steel division at Du- 
luth from assistant general superintendent 
at Donora Steel & Iron Works. . . . His 
place at Donora will be taken by Harold 
Cope, until now superintendent of blast 
furnaces there. Herman ]. Hofmann, 
assistant open hearth superintendent of 
Lukens Steel Co., Coatesville, Pa.. has been 
promoted to open hearth superintendent. 
.. . Floyd Stroup is now superintendent of 
the melt department of Copperweld Steel 
Co.'s new plant at Warren, Ohio. 


Contacts for High Current Switch 


A new 3-pole outdoor disconnect switch, 
designed for a 4,000-amp. load at 23,000 
volts, posed a real contact-material problem 
for its manufacturer, the Pringle Electrical 
Mfg. Co., Philadelphia. 

Because of the high amperage, it was 
necessary to employ a contact material 
that combined high conductivity with low, 
constant contact drop to assure continuous 
minimum operating temperature. Finally 
chosen were Gibsoloy grade A-8 contacts 
(60 per cent silver and 40 per cent nickel), 
manufactured by powder metallurgy proc- 
esses by the Gibson Electric Co., 8356 
Frankstown Ave., Pittsburgh. These con- 
tacts are said to fulfill these primary re- 
quirements to a high degree, and in addi- 
tion to provide other operating advantages. 


“‘Nor Iron Bars a Cage’”’ 


Metallurgical engineers, we've often de- 
clared, are found practically everywhere. 
From McKenna Metals Co., Latrobe, Pa., 
we learn that they're even in jail, for an 
inmate of a large eastern prison recently 
requested a copy of a bulletin about Ken- 
nametal, a hard carbide tool material. Since 
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Kennametal is considered to be particularly 
useful for cutting hardened steel such as 
is used in prison bars, the prisoner's mo- 
tives were immediately suspect, although it 
was finally learned he was interested merely 
in improving the efficiency of the prison 
machine shop. 

What a dismal shock this must be to 
those thousands of metallurgical engineers 
who looked with starry-eyed hope on our 
penal institutions as a possible final refuge 
from this world of specifications, cost 
sheets and delivery promises. 


New Magnetic Separator 


Metallurgical engineers in smelter plants 
and other shops that must continually sep- 
arate brass and iron or steel turnings and 
borings will be interested in a new double 





magnetic pulley separator unit developed by 
Stearns Magnetic Co., Milwaukee: 

In operation, the material to be sep- 
arated may be fed either into the bulk hop- 
per with louvre-feed or into a chute below. 
The coarse material is picked up by the 
upper pulley, with the lower serving as a 
refining operation. Long and odd-shaped 
pieces are fed into the lower chute. 

A winch is provided for raising or low- 
ering the upper magnetic pulley to accom- 
modate various sizes of material being sep- 
arated. The separator can be furnished in 
a wide variety of sizes and combinations. 
Magnetic pulleys ordinarily operate off d.c. 
current and can be wound to correspond to 
any desired voltage. 


Loading Shell Forging Furnaces 


Recognizing the need for limiting both 
the temperature and the loading of shell 
forging furnaces (without limiting furnace 
design initiative) the Ordnance department, 
upon the recommendation of the Industrial 
Furnace Manufacturers Assoc., has adopted 
Amendment No. 2 of July 2, 1940, to shell 
forging specification No. 57-104-24. 

The amendment recommends that the 
operating temperature of forging furnaces 
be restricted to a maximum of 2300 deg. F. 
to avoid overheating the surface of billets to 
the point where the steel drips or flows. 
Loading of forging furnaces should be kept 
under 60 Ibs. of steel heated per hr. per 
sq. ft. of hearth area available for loading. 
Each billet should be exposed in the 
furnace for individual heating to avoid 
non-uniformity in each billet and to assure 
billet-to-billet uniformity for subsequent 
press operations. 





Meetings and Expositions 


AMERICAN CERAMIC SOCIETY, Porce- 
lain Enamel Institute Forum. Ur- 
bana, Ill., Oct. 16-18. 

AMERICAN GAS ASSOCIATION. At- 
lantic City, N. J., Oct. 7-10. 

AMERICAN GEAR MANUFACTURERS 
ASSOCIATION, semi-annual meet- 
ing. Skytop, Pa., Oct. 14-16. 

AMERICAN INSTITUTE OF MINING & 
METALLURGICAL ENGINEERS, fall 
meeting. Cleveland, Oct. 21-23. 

AMERICAN MINING CONGRESS, an- 
nual western convention and ex- 
position. Colorado Springs, Colo., 
sept. 16-19. 

AMERICAN SOCIETY FOR METALS. 
annual meeting. Cleveland, Oct 
21-25. 

AMERICAN SOCIETY OF TOOL EN.- 
GINEERS, semi-annual meeting 
Cincinnati, Ohio, Oct. 17-19. 

AMERICAN WELDING SOCIETY, an- 
nual meeting. Cleveland, Oct 
20-25. 

ASSOCIATION OF IRON & STEEL EN- 
GINEERS, annual meeting and ex 
position. Chicago, Sept. 24-27 

ELECTROCHEMICAL SOCIETY, fall 
meeting. Ottawa, Canada, Oct 
2-5. 

NATIONAL METAL CONGRESS AND 
EXPOSITION. Cleveland, Oct. 21 
25. 

SOCIETY OF AUTOMOTIVE ENGINEER 
national aircraft production meet 
ing. Los Angeles, Calif., Oct. 3 
Nov. 1-2. 

SOCIETY OF AUTOMOTIVE ENGINEE! 
national tractor meeting. Milwa 
kee, Wis., Sept. 24-25. 

WrrRE ASSOCIATION, annual meetin 
Cleveland, Oct. 21-24. 











Aluminum Alloy Castings 


National Bronze and Aluminum foun- 
dry Co., East 88th & Laisy Ave., Clevcland, 
announces the availability of T-1 aluminum 
alloy for sand and permanent mold castings. 
Castings of this alloy are said to have 
tensile strengths up to 33,000 Ibs. pcr sq. 
in. and 6-10 per cent elongation, without 
heat treatment. 

This alloy, which is described as meet- 
ing all requirements as given in Air Corps 
Specifications Nos. 11324 and 11325 and 
Navy Aeronautical Specification No. M-397 
for aluminum alloy and sand castings, is 
claimed to produce superior castings with- 
out warpage or severe internal stress and 
with excellent machinability and corrosion 
resistance. T-l alloy is available in ingots 
or as castings manufactured to customers 
specifications. 


Free Service Departmen 


‘Replies to box numbers should be ad- 
dressed care of METALS AND ALLOYS, 
330 W. 42nd St., New York. 


WANTED: Man technically trained with prac 
tical experience in metallurgy or chemustry, 
for work on commercial development of imven- 
tions. In replying give personal data and de- 
tails of education and experience. State mint 
mum salary acceptable. Box MA-22. 


POSITION WANTED: Junior Metallurgical 
engineer, 23, singh. Graduate of University 
of Alabama, B.S. metallurgical engimeerins- 
—— references. Will go anywhere. Box 
MA-23. 
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FERROUS AND NON-FERROUS 


1. Production 


Blast Furnace Practice, Smelting, Direct Reduction and 
Electrorefining. Open-Hearth, Bessemer, Electric-Furnace 
Melting Practice and Equipment. Melting and Manufac- 
ture of Non-Ferrous Metals and Alloys. Soaking Pits and 
other Steel-Mill and Non-Ferrous-Mill Heating Furn-ces. 
Steel and Non-Ferrous Rolling, Wire Mill and Heavy Forg- 
ing Practice. Foundry Practice, Furnaces, Equipment and 
Materials. Manufacture of Die-Castings. 


2. Processing and Fabrication 


Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Annealing, 
Carburizing, Hardening, Malleableizing, Nitriding, Surface- 
Hardening and Tempering. Heating Furnaces, Refractories, 
Fuels and Auxiliaries. Welding, Flame-Cutting, Hard- 
facing, Brazing, Soldering and Riveting. Cleaning, Pick- 
ling, Electroplating, Galvanizing, Metallizing, Coloring and 
Non-Metallic Finishing. 


3. Properties and Applications 


Physical and Mechanical Properties (including Fatigue 
and Creep). Corrosion and Wear. Engineering Design 
of Metal-incorporating Products. Selection of Metals and 
of Metal-Forms. Competition of Metals with Non-Metals. 
Specific Applications of Metals and Alloys. 


4. Testing and Control 


Physical and Mechanical Property Testing and Inspec- 
tion. Routine Control and Instrumentation. X-ray and 
Magnetic Inspection. Spectrographic and Photoelastic 
Analysis. Corrosion- and Wear-Testing. Examination of 
Coatings. Surface Measurements. Metallographic Struc- 
ture and Constitution, 


5, General 


Articles pertinent to more than one of the previous sections. 














Blast Furnace Practice, Smelting, Direct Reduction 
and Electrorefining. Open-Hearth, Bessemer, Elec- 
tric-Furnace Melting Practice and Equipment. Melt- 
ing and Manufacture of Non-Ferrous Metals and Al- 
loys. Soaking Pits and other Steel-Mill and Non- 
Ferrous-Mill Heating Furnaces. Steel and Non-Fer- 
rous Rolling, Wire Mill and Heavy Forging Practice. 
Foundry Practice, Furnaces, Equipment and Materials. 
Manufacture of Die Castings. 


Vacuum Melting Furnace 
“CONTROLLED Mettinc, Pourtne.” Steel, 
Vol. 106, June 3, 1940, pp. 64, 82. 

Descriptive. 


A new vacuum induction melting and 
pouring furnace having 50 Ibs. capacity 
for the preparation and study of pure 
metals has been developed. It consists of a 
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types are both available. 
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LECTROMELT furnaces offer the rapid and economic means for 
the production of plain carbon and ailoy steel ingots and castings 
as well as gray and malleable irons. Top charge and door charge 
LECTROMELT furnaces are built in 
standard capacities from 25 pounds to 100 tons. Write for details. 


PITTSBURGH LECTROMELT FURNACE CORP. 


manganese steel cylinder about 30 in. in 
diam. and 35 in. long, in which the induc- 
tion coil is set centrally, with about 10.5 
in. between the outside surface of the coil 
and the case. Manganese steel is non-mag- 
netic, hence the electromagnetic energy loss 
is low. 

The ingot mold is clamped with small 
wedges in a steel cylinder projecting at a 
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SMELTING 


Illustration shows top charge type LEC- 
TROMELT furnace with roof raised and 
rotated to one side to permit quick 
charging with drop bottom bucket. 


Pittsburgh, Pa. 




















downward angle of about 70° from the side 
of the main cylinder and about Y, of the 
way from the furnace top. A plate is bolted 
to a flange on the bottom of the mold con. 
tainer. Only a few small bolts are required 
as the vacuum holds the furnace lid and 
mold plate firmly against the rubber gaskets, 

The vacuum is held to 14% mm. of mer- 
cury by a 26 ft.* pump. The most difficult 
period for keeping the pressure down is 
just as the metal melts. Much of the dif- 
ference in pressure is thought to result from 
the evolution of gases from the refractory 
linings. 

A 50-lb. charge can be melted and 
poured in 15 min. from a cold start, using 
power supplied by a 100-kw., 2,000-cycle 
generator. At atmospheric pressure, the 
same charge can be melted and poured in 
about 11 min. Heats can be held to permit 
slag and oxides to rise to the surface. 
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Steel and Non-Ferrous Castings—— 
A Review of A. F. A. Papers 


“IMPROVING STEEL AND Non-FErRROvs 

Castincs.” Can. Metals Met. Inds., 

Vol. 3, June 1940, pp. 147-151. A re- 

view of papers presented before the 

1940 convention of the A. F. A. at 
Chicago. 


The application of controlled directional 
solidification to the production of large and 
intricately shaped castings was described by 
J. A. DuMA «& S. W. Brinson. [For de- 
tails of this technique, see METALS AND 
ALLoys, Vol. 11, May 1940, p. MA 252.} 
In an investigation of the weldability of 
cast steel, A. J. SMITH « J. W. BOLTON 
(Lunkenheimer Co.) show that structures 
developed in steels of 0.25% C equalled 
those in steels containing 0.15% C, with 
“granulation” of the latter definitely in- 
ferior. With good welding practice, sound 
high strength welds were made with all cast 
steels investigated, even with a 0.35% C 
content. Dangers of indiscriminate pre}cat- 
ing before welding are described. 


Steel—Chills and Chaplets 


The application of external chills in the 
production of steel castings was discussed 
by W. F. McKee (Key Co.), particularly 
for the dissipation of excess heat. External 
chills have the advantage that exact size is 
not so important, but a disadvantage is that 
they nearly always require casting, machin- 
ing, or burning to fit the section they are 
to fit. 

HOWARD F. TAYLOR & EDWARD A. Ko- 
MINISKI (Naval Research Lab.) showed the 
influence of chaplets on the soundness and 
quality of steel castings. Factors affecting 
chaplet reactions are: Diameter of chaplet 
supporting rod; design of chaplet, espe- 
cially the supporting rod; temperature of 
the cast metal surrounding the chaplet; 
material of the chaplet; composition and 
quality of plated, dipped or alloyed ex- 
terior chaplet covering; cleanliness of sur- 
face both before and after coating; and 
mold conditions. 

Threaded stem chaplets do not present 
added assurance of satisfactory fusion and 
may be deleterious by providing spaces at 
the bottom of threads for the accumulation 
and localization of dust, moisture and sub- 
sequent gases. The threaded stem types do 
promote a keying action by fusion at the 
points of the threads. The square stem type 
twisted torsionally might give this desired 
keying action, and at the same time, woul 
be stronger and obviate the existence 0 
sharp V's. Too heavily alloyed chaplet ma- 
terial fuses readily, but may melt too easily 
for suitable core support. A properly chosen, 
isle Hinenanned tal would promote the 
necessary fusion, and yet the base materia 
would probably not melt too readily. 
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To save money, and to turn out better cast- 
ings, wise foundrymen are bonding their 
cores with Truline* Binder, the versatile 
binding resin. With this low-cost controlled- 
quality binder, black sand can be used to 
good advantage. Baking times are reduced. 
Cores can be made and stored without warp- 
age or excessive moisture pick-up. And cast- 
ings come out free of sand, saving time and 
money on the cleaning floor. 


Better castings result. Truline resin-bonded 
cores resist moisture, yet stand up to the 
surge of hot metal and burn out quickly with 
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BINDER 


little gas evolution. Thus, cores stay true to 
form during pouring, and are free to collapse 
as the metal shrinks. Foundries using Truline 
Binder in their cores have few if any rejects 
due to scabbing or to shrinkage cracks. 


In mold-facings and core wash as wellasin 
cores, Truline Binder is demonstrating its value 
by saving money and improving the quality of 
finished castings. Many foundries, iron, steel, 
and non-ferrous, are cashing in on the versa- 
tility of this low-cost, easily handled resin by 
using it throughout their plants. You can, too. 
Write for more information and a trial sample. 














A good grade of low-carbon steel is well 
chosen for chaplet material in steel castings. 
Silicon-impregnated chaplets fuse readily 
A certain amount of grain-coarsening re- 


sults in the casting for a small distance 


around the imbedded chaplet. Copper- and 
nickel-plated chaplets prove satisfactory 
when properly prepared and kept clean 
Silver-plated chaplets were best. So-called 
Streamlining’ of chaplets would obviate 
the tendency of gases to form and localize 
in indented areas. 


Non Ferrous 


A paper by W. B. GrorGeE (R. Lavin & 
Sons) discussed the fulfilling of physical 


property requirements in copper alloy melt 
ing. All types of furnace will produce 
} | 
ssed metal 1f not properly operatec tne 
prof i , 


gas absorption being governed by tempera- 
ture, furnace atmosphere and time. Melting 
units for copper-base alloys include: Oil- o1 
gas-hred open flame furnaces; coke-fired 
crucible furnaces; indirect-arc furnaces, us- 
ing natural draft or blast draft; and electric 
indirect-arc furnaces. Oil consumption and 
melting time data are given. While an oxi 
dizing atmosphere is desirable, slightly re 
ducing atmospheres are usually maintained 
because of lower melting losses, more easily 
adjusted burners, and more rapid melting 
{This last is highly questionable —J.W.B. ] 

E. O. Wittiams (Equitable Gas Co.) 
described certain improvements in stationary 
and tilting type crucible furnaces and pear 
shaped open-flame furnaces that have re 


sulted in nearly ideal mechanisms. Factors 
contributing to the economies ot nelting in 
the crucible type of furnace include th 
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HEN you choose Anaconda Electric for the base of 
Zinc die castings, you are certain of obtaining uniform, 
dependable metal. For every slab of Anaconda Electric Zinc 
is electrolytically refined and guaranteed 99.99+ % pure. 
Anaconda Electric Zinc is supplied in 50 Ib. slabs clearly 
marked ‘‘Anaconda Electric 99.99+%.’" Whenever you use 
this well-known brand, whether in small quantities or carload 
lots, you may be sure that every slab will test 99.99+% pure. 


39392 


Shipping Point: Great Falls or Anaconda, Montana 


ANACONDA SALES COMPANY 


25 Broadway, New York 


Subsidiary of Anaconda Copper Mining Company 
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time required to get out a heat, the cost 
of the fuel, the metal loss, the life of the 
lining, and the life of the crucible. Furnaces 
are being built of light weight refractory to 
cut down heat losses and melting time, and 
thus save fuel. Two burners are recom- 
mended for furnaces up to No. 100 crucible 
and 4 burners for over No. 100 crucible. 

The advantages resulting from the use of 
modern gas burners in crucible melting 
were cited by F. L. WoLtF (Ohio Brass 
Co.). These burners result in a quiet oper 
ating, stationary, crucible furnace in which 
perfect combustion and a neutral atmos 
phere is attained. Gas saving, faster melt- 
ing and increased furnace life result from 
the use of these gas burners. 

The application of top pouring to non- 
ferrous castings, such as bushings, pump 
impellers and pump casings, was discussed 
by ARTHUR K. HicoIns (Allis Chalmers 
Mfg. Co.). Top of riser pouring can be 
used for castings at the normal pouring 
rate while common brasses and bronzes 
could be poured in this manner without 
drossing in simple castings; also, the size 
of risers may be materially decreased with- 
out having shrinkage extend into the cast 
ings. 

The increased molding cost resulting 
from the use of runner boxes has been 
solved by the construction of core-sand 
runner-boxes that provide for almost all 
small castings. Top pouring of 80-10-10 
85-5-5-5, and 75-10-15 non-ferrous alloy 
permits lower pouring temperatures, the: 
by enhancing the physical properties of 
the alloys, produces sounder castings, and 
reduces the amount of metal needed f 
gates and risers. WHB (1) 
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Soaking Pit Practice 


“Heatine or Steer.” Paurt J. McKimo 
Steel, Vol. 106, June 17, 1940, pp. 54, 


56, 58, 61, 75; June 24, 1940, pp. 50, 

52-53, 56, 59; Vol. 107, July 1, 1940 

pp. 52-53, 56, 68. Review plus expe: 
ments. 


Uniform heating of low-carbon 
ingots is essential to high-quality slabs. A 
soaking temperature of 2300° F. and 
free-cleaning scale layer are highly d 
able. Good ingots are, of course, essential 
and can be produced easily and consiste: 
by normal open-hearth furnace practice 

Higher temperatures and proper soaking 
greatly improve plasticity, so that greater 
deformation is permissible without injury to 
the steel. Soaking time is just as important 
as temperature; this is true in an ingot 
where the surface area is heated to a much 
higher temperature than the core, as well 
as in an ingot uniformly heated but at a 
slightly lower temperature than the normal 
where a temperature difference develops by 
chilling of the surface through contact with 
table rollers or excessive cooling water, in 
which case the core is hotter. 

If the core is cooled below certain limits, 
minute internal fissures will develop, which 
will cause failure in drawing. If the surtace 
area is cooled, the most common defect is 
“hair-line’’ seams; surface chilling is far 
mgre detrimental than core-cooling. In roll- 
ing surfaces at low temperatures, spreading 
is promoted, influencing the development of 
“hair-line’’ seams and other defects, and 
the extent of overfill at the roll collar when 
edge-passing is intensified. 

Steels with piping areas, if properly 
heated and soaked, will yield a commercial 
product, but if cold, fracturing will result, 
decreasing the yield. The author has never 
found in practice a single case of steel 
being carburized or decarburized during 
heating in the soaking-pit. 

Low-carbon steel can be heated to its 
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P93. SWAMI RAMMING WX 


and one man's furnace 
FURNACE 500 lb. Moore ‘Lectro- 


melt. 





PRODUCT Nickel anodes. 
SERVICE LIFE 2.275 heats, averag- 


ing 753 lbs. of metal per heat. One 
P. B. SILLIMANITE RAMMING MIX 
roof outlasted 4 silica side walls. 


ROOF P.B. SULIMANITE RAMMING 


MIX power tamped with aid of form, 
used for monolithic roof. 1200 lbs. 
required. 


POWER CONSUMPTION 
PRODUCTION 1.710.510 tbs. of metal 


High 589 KWH per Ton. 
Low 533 KWH per Ton 
or 855.25 tons. Average 


553 KWH per Ton. 
COST OF ROOF Cost per heat 





Cost per ton 


These are typical operating facts about P.B. SILLIMANITE RAMMING MIX, You 
can not afford to overlook an operating statement of this kind, if you are using 


electric melting furnaces of this type, in smaller sizes—1000 lbs. and under 
P.B. SILLIMANITE RAMMING MIX will give you equal economy. 


Write today for performance reports. 
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melting point under suitable conditions 
without damaging its quality. Irrespective 
of temperature, the only possible way of 
so-called burning of steel is with oxygen. A 
test was made at a plant where general 
practice was to soak thoroughly at 2200°- 
2300° F. under a smoky condition. Half 
of a heat was charged to the pits hot, and 
half cold. Both hot- and _ cold-charged 
ingots were heated to various temperatures 
up to 2740° F. surface temperature. The 
ingots over 2600° F. had _ considerable 
metal washed off, but the slabs that were 
rolled were excellent with no sign of over- 
heating whatever, either on the surface or 
in the interior. No difference was noted in 
quality between the hot- and cold-charged 
ingots 

To produce a scale layer that is easily 
eliminated in the early passes, a heating 
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“TI well remember the day I 
got out of the kiln—bright and new 
go into somebody’s furnace and start insulat- 
ing. But that’s where I was wrong. Instead, I 
was put through a series of tests that would 


kill any ordinary brick. 


“They began with a spalling resistance test. 
This test subjected me alternately to 2000° F. 
and 1400 c. f. m. of air at 70° F. 10 times in 
10-minute cycles. I passed with flying colors. 
Next, I went into a crushing machine and 
stood 430 lbs. per sq. inch. After that, they 
tried to break me—but I fooled them—stood 225 lbs. per sq. 
inch. Finally, just before I left for the job they put me in my 
carton and gave us the tumbling barrel test for shipping 
strength. That proved we could stand 
the rigors of modern travel. 


“Now, with a clean bill of health, I’m 
ready to go to work and pay my own way 
by saving fuel, speeding production, and 
assuring more accurate temperature control. 
If you want to find out more about me, and 
about the rest of Armstrong’s complete high 
temperature line including ce- 
ments, just write to Armstrong 
Cork Company, Building Ma- ” 
terials Division, 982 Concord 
St., Lancaster, Pennsylvania.” 












“WT takes all kinds of brick to make a 

world. Still I’m mighty proud to be an 
Armstrong’s Insulating Fire Brick, because 
I had to meet some pretty 
stiff requirements to get the 
right to this name. 


atmosphere sufficiently oxidizing towards 
the end of the heating cycle should be used. 
Washing ingots free from scale is not 
recommended. If scale is not free-cleaning, 
it will roll in the metal and must be elim- 
inated by suitable means. Too heavy a scale 
results in excessive loss of metal. 

The importance of good heating in hot 
strip practice is paramount because the 
slabs must be uniform from slab to slab. 
The finishing temperature of hot strip con- 
trols the physical and microstructural quali- 
ties. If a temperature somewhat above the 
upper critical is maintained and the product 
cooled on the hot-bed, a microstructure 
identical with that of normalized stock re- 
sults. However, if any load, no matter how 
light, is applied at certain temperatures, the 
microstructure and physical properties will 
be affected adversely. MS (la) 


““HERE’S WHY I’M 


PROUD OF MY NAME!’ 
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(Color now aids easy and accurate 
identification of the five types of 
Armstrong's Brick.) 


Armstrong's 
HIGH TEMPERATURE INSULATION 
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Gray Iron Foundry Progress 
A Composiie 

The recent announcement of the forma. 
tion of the Gray Iron Research Institute 
and of its sponsorship of a program of 
gray iron foundry research at Battelle 
focusses attention again on the continuing 
successful efforts of gray iron foundries to 
better their practice and products. The pro- 
duction of modern high-strength irons was 
discussed in a digest on “High Test Cast 
Irons” on p. MA 191 of our May issue: 
recently-published reviews of general im. 
provements in gray iron foundry practice— 
advances in equipment and auxiliaries as 
well as in “metallurgy’—are summarized 
herewith. 

Cupolas and Combustion Control 

A comprehensive survey, with 89 refer. 
ences, of improvements in foundry practice 
from Jan. 1938 to Dec. 1939, is presented 
by C. H. Loric « V. H. SCHNEE of Battelle 
(‘Gray Iron Foundry Practice Moves For- 
ward,” Foundry, Vol. 68, May 1940, pp. 
90-91, 161, 164, 166). No new modifica- 
tions of the conventional cupola have ap- 
peared. The hot blast cupola is reported to 
be growing in favor in the U. S. A. 

The Griffin hot blast process uses heat 
from the waste gases of the cupola to pre- 
heat the air for blast, usually to about 600 
F. Coke ratios of 16:1 are feasible for melt- 
ing temperature of 2650° F., with coke 
ratio 10:1 for 2800° F. The blast pres 
is 8 oz. 


In the water-jacketed cupola, the jackets 


are made of welded steel. One in. split of 
fire brick protects the jackets and consti- 
tutes the cupola lining. In the Moore or 
Acipco process, the blast is passed through 
cast iron heating sections set in the cupola 
wall below the charging door and above the 
melting zone. The coke ratios here are {rom 
10:1 to 12:1, and the blast pressure tor 


a 72-in. cupola is 14 oz. 
In the Italian cupola developed by ©) ivo 


separate heating elements in auxiliary \ ind 
belts around the cupola are used. Close «0n- 
trol of blast temperatures and pressur.. is 
claimed. The British balanced-blast cupola 
has auxiliary tuyeres regulated with the 
main tuyeres to produce improved con )bus- 
tion, and is claimed to save 30-40% of coke 
as compared with an equivalent cupo!l. of 


conventional design. The European Poumay 
cupola uses auxiliary tuyeres which in- 
crease melting rates, with lower cokc-to- 
iron ratios and higher melting temypera- 
tures. Tests on the effect of blast pressure 
in cupola melting indicate that ordinary 
variations have little effect on the quality 
of the iron. 


Synthetic molding sands are gaining in 
favor. Their principal fault is a tendency 
to dry too quickly in large mold work. 
Studies of dimensional stability of molding 
sands up to 2500° F. showed that sands 
varied in expansion on heating from 0.040 
in./linear in. to no expansion. To ‘overcome 
expansion in light castings, the use of high 
clay content is suggested. Buckling is elim- 
inated by the use of cereal binders. 


A new term has been introduced, “work- 
ipg strength” or “toughness”, to define the 
ability of the sand to deform under load. 
It is expressed as product of deformation 
and green compressive strength determined 
on the A. F. A. test specimen used in green 
strength tests. No conclusive results have 
been obtained in evaluating the relative 
merits of clay bonding materials. Core oils 
are preferable to any other type of binder 
for cores. High-melting pine wood resin 
can be used, particularly in sand mixes 
with high clay content. 


In another article, Loric (“Cast Irons— 
the Control and Improvement of Theit 





ALLOYS 





AND 





METALS 























‘od 
7 
oa 
f= ~ 
i ] 
"7 
im <7 
Lad 
== 
_! 
<x 
= 
all 
= 
-— 
= 
Se 
7 
ca ) 
aad 
= 
oS 
Se 
c) 
awl 
c- 9 
—_ 
— ] 
=z 
i 
= 
& 


FIRED CRUCIBLE FURNACE FOR NON-FERROUS METALS 














not thoroughly investigate the self-contained low 


cost WALKER cupola type furnace for special 





irons, small heats and emergency work. The record 
of its performance is worth looking into. After you 


use it, you will wonder how you got along without it. 





CRUCIBLE FURNACE COMPANY 


CHARLOTTESVILLE, VA. 





SEPTEMBER, 1940 317 





Properties’, Product Engineering, Vol. 11, 
May 1940, pp. 209-212) discusses the im- 
proved properties that have resulted from 
processing advances. 

A new combustion control device that 
measures the relative amount of air enter- 
ing the cupola and simultaneously records 
the carbon dioxide content of the effluent 
gases regulates the blast to compensate for 
changing conditions in the combustion zone. 

Cement-bonded sand (the Randupson 
process) is coming into wider use for molds 
for casting gray iron as well as steel and 
non-ferrous metals. The molds have great 
mechanical strength and high permeability. 


Methods of Improving Strengt/ 

Strength has been raised by lowering the 
carbon content through the use of higher- 
steel charges or through better cupola regu 


Precise Metallurgical 
Control of large heats 


or small... 


The Detroit Rocking Electric Furnace is 
first of all a metallurgical tool. Because 
of its thorough mixing of the bath, ab- 
sence of oxidation and accurate control 


of time, temperature and analysis, 


produces the highest quality of product 


under precision control. 


Detroit Furnaces are today being used 
for melting practically all commercial 
alloys—ferrous and non-ferrous—and for 
making special analyses which are im- 
possible or impractical with other avail- 


able melting equipment. 


lation. Control of graphite size and dis- 
tribution by “‘superheating’ the metal from 
the cupola and by ladle additions of cal- 
cium silicide, ferro-silicon, etc. has also 
improved the mechanical properties of iron 
castings, although superheating alone occa- 
sionally fails to produce the expected 
strength enhancement. But, provided ladle 
additions can also be employed, metal heat- 
ing temperature sometimes influences 
strength more than do most alloy additions. 

Sulphur has been shown to have a pro- 
found influence in maintaining the proper 
structure in the iron. Boyles proved that the 
dendritic graphite structure of a sulphur- 
free iron becomes flake-graphite in the pres- 
ence of some sulphur: increasing the sul- 
phur content causes the flakes to increase 
in size, reaching a maximum beyond which 





The Detroit Furnace is also a valuable 
utility tool. It may be used any number 
of hours per day on large heats or 
small. Heats can be taken off on short 
notice with a variety of alloys melted 
one after another all day long. It may 
be used as a holding or dispensing unit 
—holding special alloys at tapping tem- 
perature thus adapting itself to special 
production processes. 


Write today for further facts on how a 
Detroit Rocking Electric Furnace means 
added profits for you. 


(Below) A recent shipment of six Detroit Electric Furnaces—all completely automatic 





DE T ROI T ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY 
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their size decreases with rising sulphur per- 
centage. 
W ear-Resisting Irons 

Changes in practice that have led to the 
improvement of machine tool castings are 
reported by F. J. Dost of the Sterling 
Foundry Co. (‘Making Better Machine. 
Tool Castings”, Mech. Engineering, Vo|. 
62, May 1940, pp. 365-369). A shift from 
a 25-50% steel-in-charge iron to a mixture 
containing 70-95% steel with carbon con- 
tent lowered to 2.70-3.00% and silicon 
raised to 1.85-2.25% gave higher strength, 
higher machinable hardness, excellent finish 
and less section-sensitivity. Occasionally. 
however, the wearing surfaces or ways of 
machines made of this type of iron would 
score or gall. 

Extensive study showed these cases of 
scoring or galling to be associated with a 
peculiar structural constituent, called by the 
author “primary ferrite’ —a fine ground- 
mass of ferrite and graphite. [This term- 
inology is unfortunate since the constitu- 
ent is not “primary” at all—J.W.B.} This 
structure, others have shown, tends to oc- 
cur with (1) high cooling rates, (2) in 
castings of lower-than-normal carbon con- 
tent, and (3) in irons heated to temper- 
atures over 2850° F. Late ladle additions 
were therefore investigated as a means of 
preventing the formation of so called pri- 
mary ferrite or limiting it to the very sur- 
face of the casting. 

Amorphous graphite additions succeeded 
in reducing the primary ferrite area to a 
region no deeper than 5/32 in. from the 
surface. Equally good results were obtained 
when this treatment was supplemented with 
ferro-silicon additions. The use of a < 


mercial compound of silicon and carbon 
also gave a satisfactory structure. Com! 
tions of ferro-chromium and ferro-silicon 
showed promise. 

Control of this type seems to make the 
difference between a casting that may score 


and one that will not. 


Other Considerations 


Further data on ladle additions are given 
by E. Prwowarsky (Pfannenzusatze fiir 


Gusseisen’’,- Giesseretz, Vol. 27, Apr. 5, 
1940, pp. 124-125), supplementing an 
earlier investigation reported in _ these 


columns (May, p. 191; an abridged English 
translation of this highly important earlier 
article appears in Foundry Trade J., Vol. 
62, May 2, 1940, pp. 325-327; May 9, 
1940, pp. 350-352; May 16, 1940, pp. 365- 
367). The more recent article presents a 
table of ladle additions developed since 
1900, gives the original reference in each 
case, and indicates specific utility for de- 
oxidation, degasification, nucleation, etc. 
Some of the counter-problems that are 
introduced in following many of the fore- 
going practices for making high-strength 
irons are discussed by J. L. Francis (‘'Pro- 
duction of Pressure-Resisting and High- 
Duty Iron Castings’, Foundry Trade ]., 
Vol. 62, June 20, 1940, pp. 469-471; June 
27, 1940, pp. 479-481; Vol. 63, July 4, 
1940, pp. 7-10). For example, the high- 
quality low-carbon irons show a greater 
shrinkage tendency during solidification, 
therefore carbon content should be kept as 
high as possible, consistent with “high- 
duty” properties. X (la) 


Dry-Biast 
“REMINISCENCES OF THE FIiRst ApPLI- 
CATION OF Dry Btrasr.”’ L. E. RIDDLE 
(Carnegie-Illinois Steel Corp.) Blast 
Furnace Steel Plant, Vol. 28, May 1949, 

pp. 464-470. Review. 

James Gayley’s dry-blast process was first 
used at the Isabella Plant on Apr. 11, 1904. 
The refrigerating apparatus was designed to 
take 40,000 ft.? of air/min. at 90° F. ane 
8.5 grains of moisture/ft. and deliver 
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$75 BUYS THIS COMPLETE 
NON-FERROUS FOUNDRY | 





List of Parts 


Gas fired furnace (ca- 
pacity one No. 5 cruci- 
ble) with blower and 


]@ AJAX INDUCTION FURNACES =f nc tine coil 


4 metal flasks, crucible 
Vi, * tongs, pickup tongs, 
MAKE nijorm BLADES crucible shank, No. 5 


THE GILLETTE SAFETY RAZOR CO. AT BOSTON =— Shiite crucible (holds 


15 tb. bronze or 5 Ib. aluminum), ingot mold, bag of flux, riddle, 
rammer, sprue cutter, gate cutter, sack of sand, molding tool, draw 








uses 18 Ajax-Northrup High Frequency Furnaces in 





the continuous strip heat treating machines shown spike, spike tool, swab brush, shovel, parting dust, bottom boards, 
above. mold board. 

Because of the quick and accurate temperature o— Successfully used in high school 
control, uniform optimum heat treating is obtained. \ aie tk ses. tia 
The heat control is automatic and cost of operation | ] ane University teboratories. ces 
is less than with fuel. ‘ & outfit for industrial plant labora- 

t's a typical example of the way Ajax-Northrup tories. | 
Furnaces fit into the production line. Ask for the | HF 
fact ¥ Send for folder 
AJAX-NORTHRUP MELTING FURNACE CAPACITIES: ONE OUNCE TO EIGHT TONS $55.00 for complete furnace. 

W. F. ANDERSEN 
1343 Grove St. Alameda, Calif. 
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Thera flake 


COATING 


SUPERIOR HIGH TEMPERATURE INSULATION 
Keeps heat inside, with a coating of plastic insulation. 


One inch thickness equivalent to about nine inches of 
fire brick wall in insulation value. 









Type 25, all-welded Heroult Furnace 
with conical shell which materially 
increases cold scrap capacity. 


Mor For low-cost, efficient melting and refining of all kinds 
ie ee ce wp Mena sg wo gy exiting of ferrous materials by either basic or acid process— 
Easil . 5 including alloy, tool, and forging steels, iron and steel 
gp inc and lengmy goctsimebte for: ve-use, after castings. Any capacity from '% ton to 100 tons; hand, 

: achine -bottom bucket chargin 

a used material for high temperature insula- chute, machine or drop-bottom bucket charging. 

ion ( x 
= AMERICAN BRIDGE COMPANY 
& ; 


General Offices: Pittsburgh, Pa. 


Offices in the larger cities 
Columbia Steel Co., San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 


UNITED .STATES STEEL 
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Write for Information and Prices 


Other Therm-O-Flake Products 
@ Made from Exfoliated Vermiculite 


Granules, Brick, Block, Concrete sOurer, ru. 
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at 32° F. and 2 grains of moisture/ft.” to 
the engine intakes. With 100% dried air 
in the blast, 16-20% more ore could be 
used, with no change in the weight of coke. 

During a year on dry-blast, production 
was 12.4% higher and coke consumption 
16.3% lower than during the year immedi- 
ately preceding and the year immediately 
following this first dry-blast period, when 
the furnace operated on natural air. With 
constant volume of uniform low-moisture 
air, no reserve heat in the blast was needed, 
and the maximum available blast tempera- 
tures were used by changing stoves every 
hour. Higher blast heats and more regular 
work helped dry-blast operation to surpass 
expectations. With dry-blast, the average 
of top gas samples showed that carbon 
monoxide dropped from 24.5 to 23% and 
carbon dioxide increased from 11.5 to 


2 07 


13. 0. 


Uther plants were built and proved to be 
successful. Additional benefits of dry-blast 
are the more precise furnace control pos- 
sible, and the more uniform product ob- 
tained. The modern installation of Wood- 
ward Iron Co. is concerned chiefly with ob- 
taining uniformity of temperature and 
moisture content of air delivered to furnace, 
rather than obtaining the maximum moist- 
ure-reduction possible. 

That substantial economies result from 
the application of dry-blast even in periods 
when atmospheric humidity is _ relatively 
low is demonstrated by the results of work 
on two furnaces of the same dimensions, 
side by side, one on natural air and the 
other on dry-blast, during a winter month 
when the moisture in the natural air was 
below 2.5 grains during the whole month. 
On one of the furnaces with dry-blast, 
when operating for fuel economy, the ore 





LEAD ...For the protection of cables 


Cable sheathing must be pliable to permit 
reeling and unreeling of the cable. Further, it 
must permit manufacture without damage to 
the insulation and finally it must resist corro- 


sion and failure from fatigue and tensile stress 


In the last twenty years, more St. Joe Chemi- 
cal Lead has been used for manufacturing 
lead-covered cable than all other brands com- 
bined. This clearly indicates that its physical 
and chemical properties, as well as its unt- 
formity, make it particularly desirable for this 


purpose. 


In pure lead sheathing, the copper concent 
of St. Joe Lead (.06 to .07) increases tensile 
strength and fatigue resistance. In the manu- 
facture of 1% antimonial lead cables, St. Joe 
Lead requires lower extrusion pressure and 
makes possible a higher rate of production. 


All St. Joe Lead comes from the South East 
Missouri mines of this Company - - the 
country's largest producer of lead. No scrap 
or secondary metal enters into the production 


of St. Joe Lead. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE - 


NEW YORK 


ELdorado 5-3200 
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burden was increased 19% with the same 
weight of coke, production increased 5.4% 
coke consumption decreased 22.6%, air. 
supply revolutions dropped from 111 to 96 
and temperature increased from 716° ¢& 
802° F. 


Comparison of the effect of humidity 
over a long period is misleading as it does 
not take into effect the day-to-day flucty. 
ations. With dry-blast, it is unnecessary 
to manipulate blast temperatures and yoj- 
umes to compensate for these daily vari- 
ations, MS (1a) 


to 


1b. Non-Ferrous 


Electro-Refining Progress 


“PROGRESS IN ELECTROLYTIC REFINING 

OF METALS, WITH SPECIAL REFERENCE 

ro THE Last Decape.” Max F, Ww. 

HeEBERLEIN (U. S. Metals Refining Co.) 

Trans. Electrochem. Soc., Vol. 77, 1940; 

Preprint No. 25, 11 pp. Review. 

Progress in the refining of copper has 
been mainly mechanical. Concrete tanks 
have been substituted for wooden tanks as 
refining cells. Economy in power con- 
sumption has been attained by reduction 
of current losses and contact resistance. and 
by better design of bus-bars, hangers, anode 
ears, etc. 

Copper is recovered electrolytically from 
brass or bronze scrap which is cast into 
anodes and used in a cuprous chloride or 
copper sulphate solution. Methods of elec- 
trorefining lead-bearing copper and copper 
high in silver (about 20% Ag) have been 


developed. One of the developments in the 


treatment of anode slimes is the rccovery 
of selenium and tellurium, which have 
found increased industrial uses in recent 
years, and which occur in the c r of 
Canada and Sweden. The selenium may be 
recovered from slimes by volatilization, by 
roasting and then leaching with caus':c soda 
solution, or by roasting with caus\\< soda 
and then leaching. 

The recovery of the precious n s has 
not been basically changed, but lifica- 
tions have been introduced to « with 
local conditions. For example, th: liden 
Co. refinery in Sweden avoids the customary 
Doré smelting; superimposed alt: rnating 


and direct current is used for elc:(rolytic 
refining of gold in an Amsterdan plant; 
an Australian plant refines gi with 
chlorine gas instead of by electrolysis. 


Electrolytic methods for recovering silver 
and gold from precious metal scrap have 
been developed. 


The advances in the electrolytic refining 
of lead are mainly mechanical in nature. 
Electrolytic solder is produced by the U. 
S. Metals Refining Co. by electrolyzing 
with anodes of white metal scrap in 4 
fluosilicate bath. The deposit is afterwards 
blended to specifications. There has been 
little progress in the electrolytic refining of 
tin. 

The most widely used method of electro- 
refining bismuth employs a chloride electro- 
lyte containing 100 g/l. of free hydro- 
chloric acid. A fluosilicate bath has ad- 
vantages, but is more expensive. Antimony 
is electrorefined in a bath containing free 
sulphuric acid and hydrofluoric acid. While 
the use of hydrofluoric acid was proposed 
in 1915, it was only relatively recently 
that equipment was introduced that could 
resist the corrosive solution. 

The improvements in the electro-refining 
of nickel relate mainly to the treatment 0 
platinum-bearing anode slimes.  Electro- 
lytic manganese is now produced in Ten- 
nessee; this process is one of electro-win- 
ning rather than electro-refining. AB (1b) 
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TO PRODUCE CASTINGS 
WITH CLEAN SURFACES 


/) 





TAM Foundry Zirconite Sands in two grades, “A” and 
"B" (differing chiefly in melting points) are fine grain core 
and mold sands ready for use by the foundry. They possess 
high resistance to “burn in” and yield castings which clean 
rapidly and require but little subsequent work in the chip- 
ping and cleaning department. 


TAM Foundry Zirconite Flours in two grades, “A” and 
“B" (differing chiefly in melting points) are core and mold 
wash materials to be prepared by the foundry. They super- 
sede ordinary flours, such as Silica, and ordinary foundry 
sands that have a tendency to “burn in”, with resultant rough- 
ness and high cleaning costs. Mold or core washes made up 
of TAM Foundry Zirconite Flours plus a bond and suspension 
medium can be either sprayed, swabbed or brushed on. 


TAM Zirconite Core and Mold Washes in two grades, 
“A” and “B” (differing chiefly in melting points) are super- 
refractory, materials designed for mold and core washes 
where high resistance to “burn in” is desired. Ease of 
mixing (just add the material to water) and simplicity of 
application by either spraying, swabbing or painting, makes 
the use of TAM Zirconite Mold Washes an exceptionally 
efficient foundry practice. 

















@ Full specifications and recommended uses of TAM Zirconite Materials 
for the steel, malleable and gray cast iron molder will be sent promptly 
on request. Or, if desired, a TAM representative will call at your plant. 


ALLOY MANUFACTURING COMPANY 


NIAGARA FALLS, N. Y. 





© Visit the TAMCO Exhibit—Space 146—at the Foundry and 
Allied Industries Show, International Amphitheatre, Chicago. 
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TWO 
REASONS 
WHY 





AS A PICKLING AGENT 
FOR COPPER AND COPPER 


When copper or its alloys are processed at high temperatures 
in Operations such as hot-rolling or annealing, the surface of 
the metal is oxidized to form a scale. To remove this oxide 
scale is the work of pickling chemicals, among which Ferrisul 
(anhydrous ferric sulfate) has proved its efficiency and 
effectiveness in the following manner: 


| @ Ferrisul solutions react with the red scale, cuprous 
oxide, to convert it to the black cupric oxide which is more 


| readily soluble in acids. Through this reaction, Ferrisul 
removes scale simply and easily. 


2. Ferrisul solutions do not attack metal as rapidly as 


those of other oxidizing agents. Consequently, smoother, 
less pitted surfaces are obtained through its use. 


Copper alloys on which Ferrisul is used include low brass, 

| high brass, bronze, nickel silver and cupro-nickel. Why not 

investigate this pickling agent for copper and copper alloys 

today? For further information, inquire: MONSANTO 

CHEMICAL COMPANY, Merrimac Division, Everett Station, 
Boston, Massachusetts. 


BAY Ropvice. enue 


CHEMICALS 


SERVING INDUSTRY WHICH SERVES MANKIND 
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Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Anneal- 
ing, Carburizing, Hardening, Malleableizing, Nitrid- 
ing, Surface-Hardening and Tempering. Heatin 
Furnaces, Refractories, Fuels and Auxiliaries. Weld- 
ing, Flame-Cutting, Hardfacing, Brazing, Solder- 
ing and Riveting, Cleaning, Pickling, Electroplating, 
Galvanizing, Metallizing, Coloring and Non-Metallic 


Finishing. 


Recirculating Furnace Gases 


RETURN OF COMBUSTION 
FuRNACE INSTALLATIONS, PARTICULARLY 
IN Gas-Firep INpuSTRIAL FURNACES 
(‘‘Rauchgasriickfihrung in Feuerungs- 
anlagen, insbesondere in gasbeheizten 
Industrieéfen’”) A. R. Lever. Gas- u. 
Wasserfach, Vol. 83, Apr. 6, 1940, pp. 
157-161; Apr. 13, 1940, pp. 173-176. 
Investigation. 


GASES IN 


The quantitative extent to which recircu- 
lation of the gaseous combustion products 
in a furnace can improve its economy and 


ucts to the air-gas mixture at the burner 
is satisfactory, and mixing with the fresh 
fuel gas most desirable. The accompanying 
table, based on experiments, shows the sav- 
ings that are possible for different gases 
(with and without preheated air) as com- 
pared with furnace operation in which com- 
bustion products are not recirculated. 

The gas in all cases was burnt with the 
theoretical amount of air, for Which case 
the economy is the highest; if an excess of 
air is necessary because of operating condi- 
tions, the saving will be less, but still sub- 
stantial in many cases. Ha (2) 


Per Cent Saving with Recirculation as Com- 
pared with Ordinary Furnace Practice 























Temperature Per Cent Saving in Fuel Cost, with Circulated Combustion 
Fuel of Preheated Products at 
Gas Air, °F. 400° F. 750° F. 1100° F. 1500° F. 1800° F. 
Producer not preheated 0.9 1.7 3.1 4.9 8.0 
Gas 
400 10.0 12.0 14.7 18.4 24.1 
750 18.9 21.5 25.0 29.7 36.8 
Water Gas not preheated 2.9 7.0 12.4 19.2 28.9 
400 7.9 12.4 17.8 25.1 34.7 
750 13.4 17.7 23.4 30.9 40.2 
City Gas not preheated 2.9 6.8 12.0 18.8 28.5 
400 8.5 12.8 18.2 25.5 35.0 
750 14,1 18.5 24.2 31.5 41.0 
‘oke Oven not preheated 1.9 6.5 11.1 17.6 26.1 
Gas . - 
400 roe 11.7 17.4 24.2 32.8 
750 12.9 17.8 23.8 30.6 39.6 
Jatural Gas |not preheated 2.4 6.0 10.6 17.0 26.0 
400 8.6 12.5 17.6 24.2 33.5 
750 14.9 19.0 24.3 31.2 40.5 


























efficiency was determined. The return of the 
waste gases to the system can be accom- 
plished (1) by mixing with the combustion 
air, (2) by mixing with the gas in the 
burner, or (3) by mixing with the fresh 
fuel gas. 

For metal-heating furnaces of the gas- 
fired type, adding the hot combustion prod- 
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Welding Silicon Bronze to Steel 


“THE SILICON Bronzes.”” Haron 
Lawrence. Steel, Vol. 106, June 3, 
1940, pp. 67-68. Practical. 


Silicon bronzes do not have quite the 
strength of steel nor do they have a definite 
yield-point as high as that of the usual 


boiler and tank steel. However, they have 
been accepted by the A.S.M.E. code fo, 
fabrication of pressure vessels and, there. 
fore, much interest is attached to methods 
of welding them. The carbon-arc method 
is in almost universal use for welding 
silicon bronzes, with metallic arc welding 
used in some instances. 

In joining silicon bronze and steel, an 
extremely hard and brittle complex js 
formed when the two mix. The plates to be 
welded must be very clean. Next, the flux 
(either 90% borax, 10% sodium fluoride. 
or a paste of sodium fluoride, barium car. 
bonate, fused borax, and manganese boride 
in methyl alcohol) is applied sparingly by 
sprinkling on when the joint has become 
quite hot. 

A proper overlay of silicon bronze must 
be placed on the steel surface before the 
two metals are welded together. This over- 
lay may be applied with either the carbon- 
arc or the oxyacetylene torch; the latter per- 
mits better control. The two parts to be 
welded are then brought together, the flux 
is applied, and the parts are tack-welded 
together. More flux is put over the tacks 
and welding follows. 

The carbon-arc is played on the silicon 
bronze side of the joint as much as pos- 
sible. Unless the arc is controlled carefully, 
steel pickup will occur. The weld is com- 
pleted the same as any other weld joining 
silicon bronze to silicon bronze. MS (2) 


Electropolishing 


A Composite 


Metallurgical engineers show continually 
increasing interest in the special advantages 
of electrolytic polishing for bright-finishing 
many commercial products made of a variety 
of metals. Electropolishing permits the 
production of luster on surfaces that are 
inaccessible to mechanical polishing the 
mechanical polishing of which for some 
reason or other is expensive. 

The general background of clectro- 
polishing and its current commercia! status 


have previously been discussed (see ' Elec- 
trolytic Polishing’ on p. MA 23 our 
Jan. 1940 issue, and “Commercial Flectro- 
polishing of Stainless Steel” in Feb., p. 
MA 88). More recently, additional «rticles 


have avpeared, devoted to the mechanism, 
scope and usefulness of electrolytic polish- 
ing in general, the merits of certain in- 
dividual processes, and the particular value 
of this new art for finishing wire and wire 
products. 
Scope 

Comprehension of the differences be- 
tween mechanical and electrolytic polishing 
methods is necessary to appreciate fully the 
nature of the electrolytic product, say H. 
Pray « C. L. Faust of Battelle (‘“Com- 
ments on Electrolytic Polishing of Metals,” 
Iron Age, Vol. 145, Apr. 11, 1940, pp. 
33-37). Im mechanical polishing the high 
spots or elevations are removed, or caused 
to flow, until a substantially flat surface 
results, which then has a_ ‘‘pseudo- 
amorphous” layer of worked metal. In 
electropolishing, the surfaces of the grains 
are rendered substantially level and highly 
lustrous without distortion, and with some 
surface passivation. 

The electrical requirements are similar to 
those for ordinary chromium plating. Cur- 
rent density is imvortant but not always 
critical. The minimum current density 
seems more significant than the maximum 
in a given case, and processes with low 
minima are more desirable than those with 
high. Voltages, in general, are of the same 
order as chromium plating; the use of 12- 
volt generators provides advantageous flexi- 
bility. 
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BOOTH Y-13 


A “Must” at the Metal 
Show — On your right, 
near the entrance. 


GRE SALES REPRESENTATIVES 


"5 INDUSTRIAL STEELS, INC. DRE 


248 Bent St., Cambridge, Mass. 
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AND NOW YOU CAN 








Ceaints! 


STAINLESS NITRIDING PROCESS* 


NEW MEANINGS 1. Stainless Steel or Stainless Iron 
TO THE USE OF __s— Parts can now be nitrided to give 
STAINLESS... superior wear resistant prop- 

erties, and retain practically the 
same corrosion resistance as the unnitrided material. 


2. The Drever-Industrial Stainless Nitriding Process 
forms a tightly adhering glass hard (89-93 Rockwell 
15N) abrasion resistant case, .002” to .028” thick. 


3. The surface hardened case can be ground or pol- 
ished without loss of abrasion resistance or loss of 
corrosion resistance. 


4. Parts of any size can be nitrided by this patented 
process. 


The Drever-Industrial Process opens hundreds of new 
doors for the use of Stainless Metals. Write today for 
literature and further information. 










gee YO” 








*Process and Equip- 
ment Patented. 


DESIGMERS & BUILDERS SE 


[AL THE oRevER company D 
750 E. Venango St., Philadelphia, Pa. 











To be successful, baths and operating 
conditions must be tailor-made for the metal 
or alloy being finished as well as for its 
form and shape. The life of contact ma- 
terials and racks is an important operating 
factor. Thus, one bath has been developed 
that successfully polishes stainless steel 
but in which copper is so polarized that 
copper rack; and bronze contacts give long 
life. 

Electro methods are not cure-alls. One 
cannot start with a rough sand casting and 
obtain a smooth mirror-like finish, although 
electropolishing the sand casting will pro- 
duce a brilliant rough surface that cannot 
be obtained mechanically. Markings that 
are merely manifestations of cold working 
in forming are easily and rapidly removed 
but actual scratches can be removed only 






) 
| Andrews Steel 


trade-mark is indisput- 


able proof of high quality 


and ability to deliver 


extra performance under 


if not too deep. Electropolishing is a 
finishing rather than a roughing operation. 
In many cases of metal finishing, electro- 
polishing alone will suffice; in others it 
should be used in conjunction with me- 
chanical buffing. 


Mechanis m 


When metals are subjected to anodic 
treatment, a surface film may form and 
thus disturb the normal anodic solution 
process. If the film is non-conducting and 
only partly covers the anode surface, the 
free portion of the surface will be dis- 
solved at locally higher current densities if 
the same total current is maintained. 
Polishing results from this selective re- 
moval of tiny elevations on the metal sur- 
face, effected when depressions are anodic- 


all conditions. But, more than that ... this famous 


trade-mark safeguards your good name _ because 


Andrews quality is transmitted to every product of 


which iron and steel become a part. Your inquiries 


will be welcomed. 


Andrews Products in Carbon and Alloy 
Steel: Bars ¢ Plates ¢ Universal Mill Plates 
Sheet Bars ¢ Billets ¢ Blooms ¢ Slabs. 





THE NEWPORT ROLLING. MILI 
THE GLOBE IRON ROOFING & CORRUGATING CO 


COMPANY 








ally passive and elevations anodically active. 

The exact nature of the anodic film need 
not be defined, since its function is the 
same whether it be an oxide, a gas layer 
a fiiun of insoluble anodic product or a 
static liquid film highly concentrated jp 
anodic products. SAM Tour, of Luciys 
Pitkin, Inc. (‘‘Electropolishing,” Meggj 
Finishing, Vol. 38, June 1940, pp. 308. 
312) examines all these theories plus an 
additional one—that certain materials jn 
the electrolyte act as inhibitors and thus 
produce a polished rather than an etched 
surface. Reagents successfully used for 
metallographic electropolishing are not 
necessarily adaptable for large scale opera- 
t10n. 





Some Individual Processes 


In the article just cited and more in- 
tensively in another (‘Pickling and Polish- 
ing of Metals,” Iron Age, Vol. 145, May 
23, 1940, pp. 56-60; May 30, 1940, pp. 
26-30) Tour reviews the various electro- 
polishing processes that have been proposed 
in the periodical and patent literature since 
1915, presenting what looks like a com. 
plete source list. Special merit is implied 
for the new Blaut-Lang process, in which 
is employed a bath containing a mixture 
of phosphoric and sulphuric acids, used at 
180°F. A current density of 2-4 amps./in? 
is used for flat stock and 5-10 amps./ft. 
for wire. 

Times of treatment vary according to the 
condition of the surface—2-4 min. for flat 
stock, and 6-12 min. for curved. Voltages 
range from 6 to 12 v. Cathodes are of lead 
or copper and the work racks of copper. 
Nickel, Monel, Inconel, aluminum and _ its 
alloys and plain carbon steel, as well as 
stainless steel have been successfully treated 
by this process. 

Rustless Iron & Steel Company’s process 
for stainless steel is described in deta:! by 
A. L. Feitp « I. C. CLINGAN (“Chemical 
(sic) Polishing Method,” Stee/, Vol. 106, 
Apr. 22, 1940, pp. 54, 56, 64). In this 
case the electrolyte is composed of , itric 
acid (30-70% by weight), sulphuric acid 











(10-30%) and remainder water. Longtime 
operation of these baths is possible be ause 
neither of the acids is volatile; some solu- 
tions have been in continual service sore 


than a year and are still operating satis- 
factorily. Hoods and ducts are unnecessary. 

The solution is less severe on contacts 
and racks than others that have been pro- 
posed. A covper-silicon alloy is preferred 
for contact materials. Work racks are coated 
with a chromium-rubber compound. (per- 
ating temperature is 180°-190° F. (self- 
maintained), voltage 6-9 v., and current 
density 1 amp./in.’ 

Some general comments on the electro- 
polishing of wire and wire products, and 
processes therefor, are given along with 
other things by C. L. MANTELL (Electro- 
lytic Cleaning, Pickling and Polishing of 
Wire and Wire Products,” Wire & Wire 
Products, Vol. 15, Aug. 1940, ; pp. 
413-415). X (2) 


Slip, Cold Work and Aging 


“REPORT OF A CONFERENCE ON INTERNAL 
Srratns 1n Souips” (Held at Univ. of 
Bristol). Proc. Physical Soc., London, 
Vol. 52, Jan. 1940, pp. 1-178. Survey. 


The papers read at this conference, with 
the reports of the ensuing discussions, com- 
prise a valuable up-to-the-minute account 
of the latest ideas on the structure of metal 
crystals and the mechanisms of slip and 
cold work. . 

In Part I, on “Slip in Metal Crystals’, 
E. N. pA C. ANDRADE suggests a general- 
ization to explain why metals of the same 
crystal system do not always slip on the 
same glide planes. In any crystal, the direc- 
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Aes WALES Adding Machines are pre- 
cision instruments requiring extreme care 
an: the highest standards of quality in their manu- 
faciure. The cleaning of metal parts, such as springs, 
bearings, key arms, and others must be perfectly 
done if accuracy and excellence of finish are to be 
maintained through the finishing operations. 


lor this reason one of the Pennsalt Cleaners was 
selected after thorough tests in which it proved its 
exceptional efficiency in removing grease and oil, 
and in preparing the surfaces for plating. Outstand- 
ing economies resulted. Not only is the cleaning 
time cut in half through the elimination of a pre- 
cleaning operation, but cleaning costs were reduced 
approximately 60%. The cleaning solution is dumped 


Other Pennsylvania Salt Chemical 
Products used in large quantity 
by industry 


Anhydrous Ferric Chloride « Sal Ammoniac « Car- 
bon Tetrachloride « Soda Ash e« Mineral Acids « 
Caustic Soda « Kryolith « Acid-Proof Cements 








PENNSALT 
CLEANER 


cuts metal cleaning 


cost @O% for 
Allen Wales Adding 
Machine Corporation 









only about every 100 days, showing the long lasting 
power of Pennsalt Cleaners in electrolytic cleaning. 


Orthosil—the original Pennsalt Cleaner—quickly 
made an important place for itself in heavy duty 
metal cleaning throughout industry generally. Com- 
panion cleaners, meeting every need with labora- 
tory precision, have been developed for varied and 
extreme requirements. The entire line is known 
today as the Pennsalt Cleaners. 


They all have unusual dissolving and emulsify- 
ing action, and enormous lasting power. Their action 
is fast and efficient. Why not let one or more of 
them start saving money in your processes? Write 
Dept. G and we will gladly supply full details. 
Pennsalt Cleaner Division, Pennsylvania Salt Mfg. 
Co., Phila., Pa. 


PENNSALT 


CLEANERS FOR INDUSTRY 


PENNSYLVANIA SALT 


MANUFACTURING COMPANY 


SEPTEMBER, 1940 
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tion of glide is fixed by the most closely 
packed line in the lattice system, but the 
plane of glide is determined by the tem- 
perature and may be affected by minor im- 
purities or disturbances of the lattice. 

E. OROWAN stresses the importance of 
considering creep phenomena in any theory 
of plastic flow. The discrepancy between the 
theoretical and actual strengths of metal 
crystals is, of course, discussed and some 
interesting evidence put forward to indi- 
cate that ‘dislocations’ really exist in a 
crystal lattice. An iron wire may, through 
the phenomenon of “yielding’’, actually ap- 
pear to soften under strain and, if it is 
bent around the finger, will continue to 


bend at the points where bending began, 
and will form a polygonal ring. A coppet 
wire, on the other hand, will bend at the 


points that have suffered least deformation, 
and will take up a continuous curvature. 
Strain softening in iron can be attributed 
to imperfections in the lattice. 

R. PEIERLS calculates that the dimensions 
of a dislocation are not appreciably larger 
than the distance between atoms. In the 
discussion, W. L. BRAGG suggests a new 
mechanism of slip by which whole planes, 
instead of lines of atoms, slip into new 
positions simultaneously. 

In Part II, on “Precipitation in Metals 
and Age Hardening’, R. M. BARRER gives 
a summary of the available data on diffu- 
sion constants which emphasize that diffu- 
sion must precede age hardening, and R. 
BECKER attempts to calculate the rate at 
which nuclei form in an “undercooled 
solid solution. Calculations of the distribu- 


YOUR POSITIONED WELDING WILL GO EVEN FASTER 


TYPE FHP « 











THE HIGH SPEED 


Easy to use at high amperages, with either A.C. or D.C. current, this 
recentiy developed electrode assures more rapid, more economica; 
welding. Its slag is readily controlled and removes freely so that clean- 
ing time is cut to a minimum and costs are reduced appreciably on heavy 
work where multi-layer welding is required. At the same time, little spot- 
ter is produced, weld surfaces are exceptionally smooth, and neat and 
good-looking concove fillets and cover beads are the result. 

Write for full particulars and ask to have a Murex engineer call 


and show you what Type FHP can do on your production welding. 


METAL & THERMIT CORPORATION, 120 Broadway, New York, N. Y. 


Albany °* Chicago °* Pittsburgh . 


“Murex Electrodes=—Thermit Welding —-Thermit Metals & Alloys.” 





Welders qualify readily with Type FHP for code welded 
work like this butane tank, made by Southwest Factory, 


Okiahomo City. 


Oilgear Company, Milwaukee, builds well-designed, ma- 
chines; wonts clean. neat welds like Type FHP assures. 
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ELECTRODE FOR 
DOWNHAND FILLETS, DEEP GROVE 
WELDING AND COVER BEADS 


So. Son Francisco * Toronto 


Type FHP welds stand the 
goff in these stripping 
tongs made by Shaw- 
Box Crane & Hoist Co. 


oF 


re 


‘J 
is 
Pa 


x Investigate Thermit Welding, too—in use since 1902 for heavy repair work, crankshofts, etc. 


tion of the internal strains produced by pre- 
cipitation are made by N. F. Morr and 
F. R. N. NABARRO. 

Part III deals with “Polycrystalline 
Metals and the Effect of Cold Work” 
W. L. BRAGG introduces a new conception 
of the structure of cold-worked metals by 
suggesting that the boundaries between the 
“crystallites’’ into which the lattice are 
broken are not frozen in position but may 
wave about. Thus, a metal will readily 
self-anneal to a certain coarseness of crys- 
tallite size but later the process becomes 
so slow that the metal is in an approxi- 
mately constant condition. 

BRUCE CHALMERS discusses the effects of 
grain boundaries on the mechanism of slip 
and concludes that the presence of a num 
ber of adjacent crystals may modify the 
glide characteristics of a single crystal 
Finally, in Part IV, excellent reviews are 
included by R. BECKER and CLARENCE 
ZENER On magnetic phenomena and internal 
friction in solids, respectively. JCC (2) 


2a. Ferrous 


What’s Weldability? 


** ABSTRACT SYMPOSIUM ON WEL! 
ABILITY.” Welding J., N. Y., Vol. 
Apr 1940, pp. 146s-160s. Sever 
papers presented at the annual meetin, 
of the Am. Welding Soc. t Chicag 


Oct. 23, 1939. 


Basically, the purpose of this roundtable 
meeting, according to M. F. Sayre, its 
chairman, was not to arrive at any conclu- 
sions with regard to weldability, but to 


present suggestions, indicate work that is 
under way show the direction in which 
further work should be done, and report on 


progress generally. 


Definitions 

A piece of steel, says C. A. ADAMS, is 
said to be weldable when it can pass 
through the heat cycle of a normal welding 
process without developing a serious ten- 
dency to crack. The tendency to crack de- 
pends upon two things—the residual 
stresses of welding and the ability of the 
metal to withstand these stresses without 
cracking, namely the ductility. 

Weldability seems to be an omnibus 
term in the same general class as forge- 
ability, drawability, workability, machine- 
ability, and hardenability, J. H. CrarmcHetr 
points out. Each term would have « dif- 
ferent connotation, in all probability, in the 
minds of each practitioner. Given suitable 
design and freedom to use any welding 
process and special technique, including 
preheating and subsequent heat treatment 
if desired, the statement that all steels are 
weldable cannot be challenged. 

Basically, all tests for weldability depend 
on putting the material through the tem- 
perature cycle involved in welding and 
applying a test for ductility. The weldabil- 
ity of steel is that set of properties that 
permits mechanically continuous surface 
bonding without undesirable change in the 
physical properties of the adjacent material 
as a result of the conditions correlative to 
effecting this bond. 


Current Test Methods 


As a reliable gage for this “metallurgical 
damage”, the notch impact test made on 
samples of steel heat-treated to duplicate 
the critical zone next to the weld is sug: 
gested by W. H. Bruckner. The weld 
quench tests are regarded as a short cut t0 
the information on reaction rates that the 
determination of the Bain S-curves for the 
steels would give. : 

The T-bend test as a means of determin 
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N QUALITY WELDS 


Approvals: This electrode is approved by: 


Bureau of Marine Inspection and Navigation 
American Bureau of Shipping, Groups H1G and 
BiG 


Lloyds’ Register of Shipping, Section 4, Par. 1—9. 


Complete engineering data and test results of weld- 
ing speeds, physical qualities, etc. are available 
through your local G-E arc welding distributor or 
G-E Sales Office. Call or write them today for a free 


demonstration of this electrode applied to your 
own work, 





Here is an example of the excellent finished appearance 


Obtained on multi-pass joints with the General Electric 
Shielded-arc electrode, Type W-22. 


Qualifications, It will meet: 
A.W.S. Filler Metal Specification E-6010 
A.S.M.E. Boiler Code, Paragraphs U-68. 


It will meet the requirements of U. S. Navy Specifi- 
cations 22-W-7, Class 1, and is permitted on work 
requiring approval of Hartford Steam Boiler In- 


spection and Insurance Company. 


Type W-22 is today’s best answer to the profit 
formula for electrodes: MAXIMUM DEPOSITION 


RATE <X MAXIMUM USABILITY = MAXIMUM 
WELDING SPEED 


Immediate delivery of Type W-22 electrode, as 
well as any other in the full line of G-E electrodes, 
can be made from local stocks held by G-E arc 


welding distributors right in your own territory. 


Local deliveries are further backed by direct-from- 


factory shipments. NO DELAY! 


a aD a 
er ar te a a a A ES 
& General Electric Co., Sect. D673-14 
y Schenectady, N. Y. 
® Gentlemen: 
’ Please send me, free of charge, the items I have checked below: 
' Speed Welding With The W-22 Electrode, GES-2510 (| ) 
: G-E’s New Electrode Bulletin GEA-1546F ) 
¥ Name . alleen raion 
: Address "a : ; a tenieeeeeiael 
| Company “ , a 
' SS CON ae eet =F 


GENERAL {% ELECTRIC 
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LIGHTWEIGHT 
REFRACTORY 
SHAPES with 

L.w. FIR 


@ 50% lighter than firebrick, J-ML.W. 
Firecrete can be used to form any 






desired shape quickly and economically —right in your own 
plant. This hydraulic-setting refractory handles as easily as 
concrete and, when cast, will not shrink or crack and is 
highly resistant to spalling. L. W. Firecrete has 50% less 
heat-storage capacity and less than 4 the thermal con- 
ductivity of firebrick. It will effectively withstand direct 
flame exposure up to 2200° F. Firecrete is also available in 
two other types—Standard Firecrete and H. T. Firecrete. 
You'll want complete details on all three. Write Johns- 
Manville, 22 East 40th Street, New York, N. Y. 


JM Johns-Manville REFRACTORY PRODUCTS 


Available on Phone Call at Your Nearest Distributor 





CAST YOUR OWN) 























AN OVER AND UNDER FIRED GENERAL 
PURPOSE OVEN FURNACE INSTALLATION 


GREATER UNIFORMITY 


Because—A large number of small burners in 
separately controlled sections distribute the heat 
input more evenly. 


Because—Venting beneath the hearth prevents 
furnace drafts and infiltration of outside air by 
maintaining a definite chamber pressure. 





May We Send Literature? 


American Gas Furnace Co. 


Elizabeth, New Jersey 





ing the weldability of a steel is described 
by A. G. Bissett. Whether a steel is weld- 
able depends on the specific conditions 
under which the welding operation will be 
performed. The physical condition of the 
steel as well as its chemical composition 
is an influencing factor. Specimens for this 
test consist of two pieces of the material 
under test joined together by fillet welds. 
The test specimens are saw-cut from the 
assembly. The tongue of the T is wedged 
in the slide of a jig which holds the 
specimen securely, preventing any side or 
end movement and forcing bending to occur 
uniformly at the toe of each fillet when 
pressure is applied to the back of the 
specimen. 

The angle of bend at maximum load is 
recorded. Bending is continued to the capac- 
ity of the jig and the condition of the 
specimen is noted when failure occurs. A 
steel with a high angle of bend at maxi- 
mum load and one that will pass through 
the jig without cracking is considered first 
class for welding. 

The Navy program in seeking a welda- 
bility test is discussed by CLARENCE E. 
JACKSON. Full automatic control of weld- 
ing conditions is fundamental in making 
test welds. In the present phase of the in- 
vestigation, about 35 hot-rolled laboratory 
and commercial steels of plain carbon and 
low-alloy types are being studied. Consider- 
able data have been collected on this group 
of steels as hardness, weld-quench, bead- 
weld, V-notched bars, and T-bend speci- 
mens have been prepared. 

The bead-weld V-notched bars were pre- 
pared from single bead welds on ¥ in. 
thick plates. The apex of the V-notch was 
machined tangent to the fusion line. Good 
correlation is possible between the results 
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of the Charpy V-notched-bar test and the 
T-bend test. However, the results of either 
of these tests cannot be correlated with the 
data obtained with the weld-quench or 
with hardness measurements. A “good 
welding steel’ is one that is tough and 
retains its toughness under the influence of 
the weld heat treatment. 

The general problem of weldability, 
thinks W. L. WARNER, is that of determin- 
ing whether a structure can be built with 
a certain material. This problem involves 
three distinct fundamental divisions: The 
effect of the heat of welding on material 
to be welded; the nature of the welded 
joint; and the weldability of the design. 
These problems cannot be answered by a 
laboratory test. 

Weldability is defined by J. C. HopcE 
as the ability of the steel to pass through 
the thermal cycle of a particular welding 
technique without the production of hard or 
brittle zones in the welded joint, which 
would tend to the production of cracks or 
to the failure of the welded joints under 
service loading. Our present knowledge 
does not go far beyond the facts that (1) 
for easy weldability an approximate limit 
of 0.35% C is advisable, and (2) higher 
carbon contents imply greater restrictions 
in welding. A test for relative weldabilitv 
consists of judging the performance of 
simple bend specimens having a bead de- 
posited on the outer surface of the speci- 
men. 


S-Curves and Cooling Rates 


Along these lines C. A. ADAMS points 
out that the higher the rate of cooling, the 
higher the residual stresses and also the 
greater the tendency toward a brittle mar- 
tensitic structure in the heat-affected zone 


The rate of cooling of a particular zone is 
inversely proportional to the heat delivered 
to that zone and directly proportional to 
the heat dissipating power. It is suxgested 
that future work aim at the development 
of a method to predetermine the rite of 
cooling by theoretical calculation aided by 
experimentally determined coefficients 

S-curves for all the steels concerned will 
thus be needed. Given this informacion, it 
would be the work of only a few minutes 
to estimate with fair accuracy the crack 
tendency in a new set-up or to prescribe the 
welding technique that would eliminate the 
danger of cracking. 

Examining this suggestion, E. E. THUM 
stressed the large number of variables in- 
volved, and the need for considerable math- 
ematical ability to evaluate the general 
equation. Even after the geometry of the 
joint has been solved and the heat input 
and heat extraction have been carefully 
mapped out, the hardenability of the spe- 
cific piece of steel used and the toughness 
of its various hardened stages are still im- 
portant problems. It therefore should be 
easier to integrate all these variables at 
once by making a joint by a commercial 
process and technique and then comparing 
the properties of that joint with the prop- 
erties of the original metal. 

According to BELA RONAY, tests under 
way indicate that classification of steels as 
to weldability may have to be expressed 4s 
a function of (a) the geometry of the joint, 
(b) the power input (the minimum siz 
electrode permissible to weld a given plate 
thickness for each type of joint), and (¢ 
the position of the joint. All his welding 
tests are performed by means of an_auto- 
matic weldiug 2vparatus capable of pre 
cision performance ja all positions 
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Efficiency UP 
as EATON leaf springs are tempered 


in modern GAS. fired furnace 






































In hardening and tempering a wide variety of springs, 
the Detroit Plant of Eaton Manufacturing Company 
finds that Gas and modern Gas equipment make for 
both efficiency and economy. 

Katon springs are hardened and tempered in Gas- 
fired draw furnaces, using the modern principle of 
recirculated air. These Gas furnaces give close tem- 
perature and atmosphere control, assuring uniformity— 
which reduces “rejects”—and affording unusual flexi- 
bility. And this flexibility has helped Eaton immeas- 
urably to key its production to order fluctuations with 
efficiency and economy. 

(as thus plays its part, with modern Gas equipment, 
to produce springs which Eaton Company markets 
with pride and growing success. 
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Gas-fired draw furnace for leaf springs in 
plant of Eaton Mfg. Company, Detroit. 


If you have a heat treating problem in your plant, 
investigate the many advantages of Gas and Gas 
equipment. 

For there’s nothing so efficient—or flexible—or 
economical—as Gas for hardening, annealing, 
tempering, normalizing, blueing, carburizing, 
forging, galvanizing—and other industrial heat- 
ing processes—as you may easily find out by 
drawing upon the technical experience of your 
own Gas company. 


AMERICAN GAS ASSOCIATION 


INDUSTRIAL GAS SECTION 


420 LEXINGTON AVENUE, NEW YORK CITY 
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The “‘closing remarks’’ of the Symposium 
are presented by S. L. Hoyt. Given the 
cooling rate and curve for an arc-welded 
joint, the problem, as he sees it, is that of 
ascertaining what metallurgical factors de- 
termine the weldability of a steel under 
those conditions. There are several methods 
of attacking this problem, but the one util- 
izing the well known S-curve is certainly 
worthy of consideration. The weldability of 
a steel is directly related to the S-curves of 
beginning and ending transformation to 
pearlite 


An important contribution to the problem 
of the weldability of steels would thus be 
made have the S-curves for 
those steels that are important to the weld- 
ing art. In addition, actual welding condi- 
tions should be regarded as just as vital to 


were we to 


JOINTS MUST 


A SUMMARY OF 
EASY-FLO ADVANTAGES 


Brazes ferrous, non-ferrous and dis- 
similar metals. 


Makes joints that are gas-tight and 
equal to the parent metals in 
strength, ductility and resists 

corrosion. 


Makes neat joints that need little 
or no cleaning or finishing. 
Saves brazing time, material and 
ases because of extreme 
luidity and low working temp- 
erature—also protects physi- 
cal properties of metals. 


For best results always use the low 
temperature HANDY FLUX. 





the general problem of weldability as are 
the metallurgical characteristics of the steel 
being welded. 

[A complete answer to the problem of 
weldability and testing methods, therefore, 
is not contained in this symposium. The 
consensus seems to require the retention 
of ductility of the base material after being 
subjected to the welding thermal cycle. It 
would be Utopian to end the search for a 
weldability test with a testing procedure 
as detailed as that suggested by Adams 
and Hoyt; as simple as that suggested by 
Hodge or Warner; and still as close to 
practice as that suggested by Thum, Ruc- 
quoi or Critchett. Reports of further re- 
search will be essential in order to achieve 
the final goal lor a practical, fle xible, and 
critical test for weldability—C.E.].} 


CEJ (2a) 


BE DEPENDABLE 


HIS assembly, is used inside the 

sealed compressor of domestic refrig- 
erators made by Sunbeam Electric Mfg. 
Co. It serves as a gas passage from com- 
pressor to pump. This means that the 
two joints must be absolutely gas-tight 
and absolutely dependable in service. 


Easy-Flo brazing consistently meets these 
exacting requirements and at low cost. 
One ounce of Easy-Flo brazing alloy 
makes 150 joints and because of its low 
melting point (1175 Deg. F.) and quick 
flowing qualities, it works fast with a con- 
siderable saving in labor and gas. Both 
joints, one copper to steel and the other 
copper to brass, are made at one time 
with the same alloy. 


This typical job makes it easy to under- 
stand why the use of Easy-Flo brazing is 
spreading so widely throughout industry 
today. Try Easy-Flo brazing on one job 
in your plant and see for yourself why 
it improves joint quality, speeds up pro- 
duction and cuts costs. Write today for 
Bulletin MA-109. 
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Oxygen Cutting of Stee! 


“OxyYGEN CUTTING oF STEEL, Parr J]— 





OxyGEN CuTTING PrRockpuRE. A Rr. 
VIEW OF THE LITERATURE TO Jan, ] 
1939.” W. Spraracen & G. E. Craus. 
SEN (Welding Res. Comm.) Welding D ie 
N. Y., Vol. 19, May 1940, pp. 161s. 
208s. Correlated abstract, 333 refer. 


ences. For Part I, on “Mechanical 

Properties and Metallurgy,’’ see Merats 

AND A.Loys, Vol. 10, Oct. 1939, p. MA 
606 L/8. 


The lowest oxygen consumption per unit 
length for a given thickness is secured 
under conditions that utilize the maximum 
amount of oxygen as iron oxide. In the 
interest of economy, the drag (the distance 
the bottom of a cut lags behind the top 
or torch side) should be as long as possible 
without leaving objectionable uncut corners. 
If the speed of cutting is increased. the 
hourly oxygen consumption for a given 
tip diameter and drag is nearly propor- 
tional to the speed of cutting, which applies 
to drag not too near the minimum and to 
speeds not too near the maximum possible, 





Oxygen Consumption 

Impurities in the cutting oxygen have a 
bad effect on cutting speed and oxygen 
consumption per unit length. Several in- 
vestigators have recommended torch adjust- 
ments and cutting speeds applicable for 
low-purity oxygen. Although nitrogen was 
the major impurity present in the oxygen 
used by most investigators, there seems to 
be no appreciable difference if the impurity 
is water, hydrogen or carbon dioxide in the 


amounts investigated. Acetylene purity is 
relatively unimportant in oxygen cutti 

The recommended tip size increases with 
increase in thickness. Increasing the tip size 
raises the cutting speed at the expense of 
oxygen consumption and width of kerf. 
Other conditions remaining the same, a 
decrease in tip size greatly increases the 
drag. Increase in pressure and decre¢ in 
cutting speed reduce the drag. Cutting 
speed had little influence on oxygen con- 
sumption per unit length with the t!:nner 
plates, but with plate 2 in. thick gen 


consumption per unit length decreas: d in 


direct proportion as cutting speed was 
increased. 
Preheating 

For all relatively thick material, pre- 


heating flames are required to maintain uni- 
formly high-speed cutting. Most authorities 
recommend a neutral flame with the cut- 
ting-oxygen valve open. Since the maximum 
oxyacetylene flame temperature is reported 
to be attained at an oxygen-acetylene ratio 
of 1.46 or 1.7 to 1, it is natural to expect 
that the preheating time will be shorter for 
an oxidizing flame than for a neutral flame. 


The proportion of the total heat evolved 
in oxygen cutting thus supplied by the 
preheating flame may be greater than 50% 
in steel less than 14 in. thick, but less than 
10% in steel 6 in. thick. The acetylene 
consumption per unit length required to 
produce smooth cuts increases linearly with 
the thickness and is nearly independent of 
the diameter of the cutting orifice. The 
consumption of the cutting oxygen pef 
unit time is completely independent of the 
intensity of the preheating flame. 


It is common practice to preheat higher 
carbon and alloy steels at 575°-1100° F. 
to prevent hardening and cracking during 
oxygen cutting. In addition to its metal- 
lurgical effects, preheating reduces the oxy- 
gen consumption per unit length of cut. 
In one case, with an oxyhydrogen torch, the 
cutting speed was increased 26-38% and 
the oxygen consumption was reduced 23- 
41% by preheating steel 0.79-1.57 in. thick 
to 1100° F. 
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For Hardening High Speed Steel Tools and Dies... 
A Crystolon Muffle Furnace 


The commercial heat treating shop needs 
rugged, efficient equipment. And Norton spe- 
cializes in supplying it—not only Crystolon 
pene OE NE Hearth Plates but also one-piece Crystolon 


NORTON Muffies such as was used in this hardening fur- 
REFRACTORIES nace for high speed steel tools. Operating at 
Say —— from 1800°-2400°F. with controlled atmosphere, 


this furnace is turning out quality work eco- 
nomically day after day. 


There’s a complete line of rectangular, U- 
NORTON COMPANY shaped and D-shaped Crystolon Muffles, many 
Worcester, Mass. 


New York Chi a of them carried continually in stock. And for 
merlanre — — high temperature electric furnaces there are 
Alundum Muffles also. 
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A great many fuels may be substituted 
for acetylene in oxygen cutting, but apart 
from cost, which is essentially a local con- 
sideration, there is scant technical basis for 
their preference over acetylene. Hydrogen, 
though, is preferred for under-water cutting 
and is advantageous for heavy cuts from 
20 to 40 in. thick. Again, oxygen - city gas 
cuts in thin material are likely to be 
smoother and sharper than oxyacetylene. 
Good commercial cuts can also be obtained 
with propane provided suitable torches and 
proper technique are used; in one applica- 
tion—rusty parts or scrap—advantage is 
claimed for the propane because there is 
less back-firing. 

Best Practice 

The quality of the lower edges of a cut 


is determined by the oxide that flows from 
the kerf, and the manner in which the slag 
flows from the kerf is an indication of con- 
ditions during heavy cutting. Good cutting 
procedure produces a fan-like spray of 
sparks, hugging the bottom surface, droop- 
ing at the outer edges and issuing from 
the leading edge of the kerf in a forward 
direction and to both sides. Just to the 
rear of this spray of sparks is the heavy 
slag, clinging to the bottom of the cut and 
lazily dropping in large globules. 


The width of the kerf is the distance 
between the two surfaces of the cut. Under 
favorable conditions, the kerf width is 
constant at all sections through the thick- 
ness. Kerf width is a measure of the amount 
of iron removed by the cutting jet and 


Fast, Flexible, Low Cost 
Production Cleaning 
with 
DETREX 





PROCESSES 


Your part in the National Pre- \ ee, 





paredness Program requires “‘step- 
ped-up”’ efficiency both on your 
regular production and on govern- 


ment orders. 


Avoid a ‘‘bottle-neck’’ in your 7 








cleaning, finishing and inspection 
departments by consulting Detrex 
Engineers for approved methods. 
Follow government specifications 
in the cleaning of aircraft and au- 
tomotive engines and parts, pro- 
pellers, robots, radio equipment, 
photographic and optical instru- 
ments, indicating and control de- 
vices, shells and arms, special 
mechanisms, sheet metal parts, etc. 


Detrex Equipment and Materials 
for: Solvent Degreasing; Alkali, 
Spirits, and Emulsion Cleaning; 
Bonderizing, Painting and Baking. 





DETROIT REX PRODUCTS COMPANY 


Engineered Solvent Degreasing and Alkali Cleaning 


13014 HILLVIEW AVENUE, DETROIT, MICHIGAN 
Branch Offices in Principal Cities of U. S. A. 


\ 
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IN CANADA: CANADIAN HANSON & VAN WINKLE CO., LTD., TORONTO, 





ONT. 











must be known in advance for precision 
cutting. The rule-of-thumb allowance for 
kerf width in machine cutting is 114 to 2 
times the diameter of the cutting orifice for 
thicknesses over 6 in. For thinner material 
the kerf width may be assumed the same 
as the diameter of the cutting orifice. 


The conditions required for most eco- 
nomical oxygen cutting are: (1) Drag no 
shorter than is absolutely necessary; (2) 
as small a tip as possible, even at the sacri- 
fice of cutting speed; (3) oxygen pressure 
so high (consistent with the assigned drag) 
that either (a) additional pressure and 
speed yield no greater economy, or (b) 
additional pressure grooves the cut ex. 
cessively. The relationships will depend on 
the relative costs of the gases. CEJ (2a) 


Stress Relief of 
Welded Pressure Vessels 

“How THERMAL Srtress-RELIEVING Re- 

puces Resipuat Stresses.” Haroip 

Lawrence. Welding Engr., Vol. 25, 

April 1940, pp. 19-21, 23. Review. 

Residual stresses occur in welded struc- 
tures both as the result of contraction of the 
weld metal and as the result of the ex- 
pansion and contraction of the base metal 
because of the heat effect of welding. 
Mechanical stress-relief has been frowned 
upon by American pressure vessel manu- 
facturers although European practice has 
adopted the procedure rather widely. Engi- 
neers in this country feel that too many 
places exist in pressure vessels where me- 
chanical stress-relief may be had only at 
the expense of overstressing portions of 
the weldment that carry only a minor por- 
tion of the service load. 

Kesidual stresses equal to the d 
strength of the weld metal and base mctal 
exist and should be considered in every 
weldment. No one can tell when the s:.m- 
mation of all the stresses on a struc‘ure 
takes that structure beyond the region of 
plastic flow where a small incremen: of 
load may lead to rupture. As the tem). ra- 


ture of mild steel is increased, the ld 
point decreases. From an original valu of 
30,000 Ibs./in.* at ordinary temperat res, 


the yield point of low-carbon steel fal 
low 10,000 Ibs./in.* at 1200° F. 


The majority of the thermal stress-\. lief 
treatments of such steel take place bet cen 
1100° and 1250° F. The residual stres; in 
the steel falls to the value of the ld 
point at the maximum temperature rea: hed, 
provided all temperatures are slowly in- 
creased and slowly decreased so as to not in- 
troduce new residual stresses. [Tem/era- 
ture high enough to cause structural dam- 
age must also be avoided. —C.E.].} 

Preheating and peening may be employed 
to reduce the intensity of residual stresses 
resulting from welding operations. The se- 
quence of welding has an important bear- 
ing on the amount of locked up stresses. 
Since the cost of the stress-relieving opera- 
tion is such a small fraction of the total 
cost of the finished product, every pressure 
vessel manufacturer should be able to put 


that extra amount of quality into his prod- 
uct. CE] (2a) 
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Hydrogen in Electroplating 


“MeTALLURGICAL Aspects or HypROGEN 

in Execrropiatinc.” C, A. Zaprre & 

Cc. L. Faust (Battelle Mem. Inst.) 

Proc. Am. Electroplaters’ Soc., June 

1940; Preprint, 20 pp. Review plus 
research. 


The absorption of hydrogen in steel 1s 
the cause of some common defects in elec- 
troplating and enameling, such as embrit- 
tlement, peeling, blistering, pitting, ¢t- 


METALS AND ALLOYS 


















0.061 S and 0.050 P) were heated with 
the oxyacetylene flame, using the type of 
square root of the pressure. The solubility burners employed for steel sheet, to 1475°- 
of hydrogen in iron decreases rapidly with 2200° F. and quenched in either water or 
fall of temperature; below 750° F, the oil. The heating times were very short, 
solubility is very low. When iron is cooled, between 12 and 23 sec. The hardness 
hydrogen precipitates at discontinuities, and reached a maximum of 530 Brinell for 
often the pressures developed are sufficient quenching temperatures between 1800° and Deep Drawing of Mild Steel 
to rupture the metal and produce “flakes”, 2000° F. for small heating velocities. The as Affected by Aging 
shatter cracks, and “‘fisheyes”’. structure corresponding to this hardness “Qusncy Aczinc, STRAIN AGEING AND 
Hydrogen evolved by pickling or cathodic maximum consists of martensite. ; Cotp WorKING oF Steer.” J. H. An- 
treatment diffuses into steel and may be From the higher temperatures cementite, pREWws, J. W. Roncers, H. A. WAIN- 
trapped as molecular hydrogen at grain with lower hardness but better heat resist- et ds.” Vel. Neogene 
boundaries, slag inclusions, microscopic ance, 1S formed. With greater heating 389-393; May 1940, pp. 505-507. One 
rifts, at the interface between the steel and velocities, the maximum hardness is not of several papers in the recent Deep 
a coating, or even in the slip planes of a attained until quenching temperatures _of Drawing ST pea aritiehy of Auto 
crystal. Hydrogen embrittlement may result 2000°-2200° F. are reached. Quenching singe 
from the strain imposed by the occluded 


hydrogen or by hydride formation. Experi- 
ments are given showing how hydrogen can 
force enamel, paint, or metallic coatings 
from steel. 

The efficacy of pickling in removing scale 
is partly dependent on the solution and 
diffusion of hydrogen in the steel. The 
hydrogen subsequently precipitates beneath 
the scale and forces it loose. Blisters pro- 
duced on sheet steel by pickling are the 
result of hydrogen being precipitated at the 
site of slag inclusions. The amount of 
hydrogen occluded by sheet steel is in- 
creased by cold working and by increase of 


Hydrogen dissolved in steel is atomic and 


for all quenching temperatures, somewhat 
the amount dissolved is proportional to the 


better than for faster heating; the effect 
of heating velocity diminishes at the higher 
quenching temperatures or for the high 
hardnesses. Ha (2a) 








with oil gave slightly better values. The 
hardness values for slow heating were, 


Quench aging (hardening on room-tem- 
perature storage after quenching) seems to 


shect thickness. Pickling at elevated tem- 
persiures increases hydrogen absorption; 
th re elevated temperatures are detri- 
me unless the time can be considerably 
shi ed. 
P)kling in hydrochloric acid produces 
les drogen absorption than in sulphuric 
acid. Inhibitors are useful for decreasing 
abs. ption of hydrogen, but are effective 
on low certain temperatures. Comparing 
col ns that liberate equal quantities of 
hy en in equal intervals of time, steel 
abs less hydrogen in cathodic electro- 
lys an in acid pickling. 


|. presence in the bath of small quan- 
titic. of elements of the Sth and 6th groups 


our L 





of Periodic Table considerably in- 

crea the hydrogen absorption of steel. HELPS YOU SOLVE 
Sm quantities of arsenic can increase ie 

hyd n absorption 100-fold. In electro- 

plat gas pits may result from the con- 

tinual escape of hydrogen trapped at dis- | 0 U R S 0 LD E Ri N G P R 0 B LE M S 
continuities in the base metal. AB (2a) 


Flame Hardening Malleable Iron 


FLAME HarpEntInG or Cast IRON AND 

MaLLeaABLe Iron (“‘Autogenes Hiarten 

von Gusseisen und Temperguss’”’) G. 

Kritzier. Z. Ver. deut. Ing., Vol. 84, 

Mar 2, 1940, pp. 148-150. Review plus 
research. 


In this age of alloys, soldering is a science . . . a science contributed to by 
the Kester Solder Company and made available to solder users in all in- 
dustrial fields. 


When you put a soldering problem up to Kester, here are the material 
resources available to solve it: 


Heat treatment by annealing, quenching 
and tempering considerably increases the 
durability of cast irom. In the surface 
hardening of cast iron, decarburization of 
the embedded graphite is fairly difficult, 
but experiments have shown that the temper- 
carbon-bearing structure of malleable iron 
(blackheart) can easily be retransformed 
into simple ferrite. 

According to the intended purpose of 
the material, three basic hardening pos- 
sibilities exist: (1) The production of 
pearlite and sorbite by partial solution of 
the temper carbon in austenite and suitable 
cooling; (2) production of martensite by 
rapid cooling from the austenite tempera- 
ture; and (3) production of cementite by 
tecarburizing large amounts of temper 
carbon at high temperature and rapid cool- 
ing. The so-called cementite hardening is 
important as it confers heat resistance up 
aunt 500° F. It is, therefore, advan- 

us, for example, for high- i 
eerdbtg p gh-speed engine 

Malleable iron samples of 0.6 in. diam. 
(analysis: 2.17% C, 1.05 Si, 0.25 Mn, 
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100 different solder 
10 different solder 
80 different solder 

4 different solder 


You can see at a glance that the number 


alloys 

fluxes 
strand sizes 
core sizes 


of possible combinations is almost 


endless. Kester engineers will aid in the selection of the right alloy, the 
right flux, the right strand and core size to do your work with the greatest 


possible speed and economy. 
You may be sure that soldering problems 


in your business will come within 


the scope of Kester’s experience or ability to solve. Kester plants are the 
largest and best equipped in the entire industry, and 43 years of specializa- 
tion in solder manufacture have produced the one quality line that meets 


every soldering requirement. 
Kester is at your service. 


KESTER SOLDER COMPANY 


4219 Wrightwood Avenue 
Eastern Plant: Newark, N. Jj. 


Chicago, Illinois 
Canadian Plant: Brantford, Ont. 


KESTER 
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CORED SOLDERS 
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be due to retention of some unstable low- 
carbon austenite. Strain aging (hardening 
on aging after severe cold work) of a steel 
results in a hardness increase about 1/3 that 
brought about by quench aging. Sometimes 
both tensile strength and elongation in- 
crease simultaneously during this aging. 
Cold-rolled-and-normalized steel hardens 
more than cold-rolled-and-annealed steel 
on aging. 

Pressing tests were carried out to de- 
termine the relationship between aging and 
deep drawing of dead mild steel strip. 
Out of the large number of variables affect- 
ing the pressing operation, certain ones were 
studied: Blank holder pressure (not very 
sensitive to metallurgical changes in strip), 
depth of draw (fairly sensitive, but gives 
little more information than Erichsen test), 
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and aging. Other variables, considered to 
be less important, were: Blank diameter 
(perhaps most sensitive, but not easily made 
main variable with blanking and forming 
tool), degree of cold reduction (here used 
only incidentally to cause aging), lubrica- 
tion, speed, heat treatment and microstruc- 
ture. 

Tests were made on a rimming steel with 
0.06% C, 0.30 Mn, 0.031 P, 0.033 S, 
0.006 Si; the hot rolled strip (0.080 in.) 
was cold rolled to 0.036 in., then an- 
nealed for 12 hrs. at 1250° F. The most 
sensitive form of test, apart 
variation in blank diam., is the depth of 
punch; variation in blanking pressure is 
not sufficiently sensitive. There is a falling- 
off in drawability as aging proceeds. 

The effect of annealing was studied with 
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ROCK BITS 
FORGINGS 


For Heat Treating Your Products 


- - - Uniformly, Economically and Automatically 


Hundreds of these dependable E, F. Continu- 
ous Chain Belt Conveyor Heat Treating units 
are in operation—handling all kinds of prod- 
ucts, ranging in size from small springs and 
bearing parts up to large crawler links for 
tractors. 


The material is loaded directly onto a rugged 
heat resisting cast link belt conveyor. Without 
further attention, it is carried through the fur- 
nace, uniformly heated to the proper tempera- 
ture and automatically discharged through a 
sealed chute to the quenching medium or di- 
rectly from the furnace as desired. The chain 
belt conveyor returns within the furnace with- 
out cooling . . . no pans or trays are used in 
the furmace .. . 100% net material. 


These furnaces are built for oil, gas or elec- 


tric heat in 5 standard sizes with capacities 
ranging from 300 to 1700 Ibs. per hour. Larger 
or smaller sizes can also be furnished. They 
are also designed for using special protective 
atmospheres for scale-free heat treating and 
hardening without decarburization. 


The hundreds of installations in operation 
handling all kinds of material, have proven 
them the most satisfactory and dependable 
general purpose heat treating machines built 
for the uniform, economical, production heat 
treatment of miscellaneous small and medium 
sized parts and products. 


We will be glad to give you complete infor- 
mation, including installation and operating 
costs and submit heat treated samples if in- 
terested. 


The Chain Belt Conveyor Furnace is only one of the numerous types we build for 


various heat treating purposes. 


furnaces for any process, 


We build Gas Fired, Oil Fired and Electric Furnaces 
product or 


production. We solicit your inquiries. 


The Electric Furnace Co., Salem, Ohio 
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from the 


5 in. diam. blanks, 40 Ilbs./in? blank 
holder pressure, and speed of 71 strokes/ 
min.: 


Max. depth 


Treatment of punch 


FRO ee RR oo ck id vets Laws era > 
SANS tis 2 Ee acs eds vaanee eeRee ra 47 
1375° F., 3 hrs., cooled to 1250° F., held 

4 hrs., then heated to 1375° F. for 3 hrs. 48 
Lane ig Be Paccnen «aban Sees 5. ae 
Hardness tests on cups showed that the 


hardness is a maximum where there is a 
piling-up of metal, while there is little or 
no change at the base of cup. 

Mechanical properties were determined 
on annealed and on quenched steel cold. 
worked and aged to varying degrees. The 
elongation values (% in 2 in.) obtained 
were as follows: 


Treatment 


Annealed, cold-rolled 5%, aged 20 min 


Annealed, cold-rolled 5%, aged 
a eer ny ee rege) 
Annealed, cold-rolled 40°, aged 20 min. 15 


Annealed, cold-rolled 40%, aged 
3,000 hrs. .. 


Water-quenched from 1175° F., aged 
weeks, rolled 5% fs ss 
Water-quenched from 1175° F., aged 7 
ede, See MOT 3 bcd cok reales 
Water-quenched from 1175° F., 
5%, aged 7 weeks ..... a De 
Water-quenched from 1175° F., 
40%, aged 7 weeks 


rolled 


Changes in hardness caused by aving 


cylindrical pressed cups were followed. The 
results were erratic and showed the non- 
uniformity of pressing conditions on ilar 
parts of cup. There was a uniform ging 
effect, however, over the whole wi of 


the flanges. The aging seemed to be inde- 
pendent of the degree of deformati: 
JZB (2a) 


Hardenability and Grain Size 


“INFLUENCE OF AUSTENITIC Gi 

S1zE oN THE Criticat Coorinc R 

oF HicuH-Puritry Iron-Carsron Atri 

Tuomas G. Dicces. J. Res. Natl 

Standards, Vol. 24, June 1940, 
2. 


723-742. Research. 


A method is first described for | cating 
small specimens in vacuo and in an .tmos- 
phere of dry nitrogen to different tempera- 
tures and quenching directly in hydrogen. 
Determinations were made of the austenitic 


grain size and critical cooling rate of high- 
purity iron-carbon alloys ranging in carbon 
from 0.23 to 1.21% 

The grain size established at tempera- 
tures from 1425° to 1600° F. increased 
markedly with decrease in rate of heating 
through the transformation range, whereas 
the grain size at 1800° F. was not so 
noticeably dependent upon the rate of heat- 
ing. For any selected temperatures from 
1600° to 2100° F. and with the heating 
rate employed, all the alloys were found to 
have approximately the same average grain 
size provided the carbon was completely 
dissolved at that temperature. 

Carbon in solution, therefore, was not 
effective in inhibiting grain growth of the 
austenite in the high-purity iron-carbon 
alloys. The actual temperatures and the rate 
of heating through the transformation range 
were the dominant factors in controlling 
the austenitic grain size of these alloys. 
There is a narrow range in cooling fates 
in which the austenite transforms at Aft 
and a wide range in quenching rates i 
which the larger portion of the austenite 
transforms at Ar”. Thus, the transition 
from the unhardened to the hardened con- 
dition in high-purity iron-carbon alloys % 
brought about by a small change in cooling 
rate. 
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For complete solution and uniform dis- 
tribution of carbon at the time of quench- 
ing, the critical cooling rate (R in °F. per 
sec.) or “hardenability’’ of the alloys may 
be approximately represented by the equa- 
tion 


where N is the number of austenitic grains 
per in. at 100 diameters and C is the 
carbon content in percent. The hardness 
values obtained on the quenched specimens 
could not alone be used as a precise index 
to the actual cooling rates of the alloys. 

WAT (2a) 


Welding “‘Chrome-Moly’’ Steel 


“WELDABILITY OF SILicon-CHROMIUM 
MoLyBDENUM Heat ReEsIsTant STEEL.” 
G. M. Tixnoperv & L. N. Sotov’eva. 
Metallurg, Vol. 15, Feb. 1940, pp. 23- 
31. In Russian. Experimental. 


Tests were conducted with the steel con- 
taining 0.15% C, 5-6 Cr, 1.5-1.7 Si and 
1.3-0.5 Mo. The steel is used at 1300°- 
i00°F., but its welding is difficult because 

has the property of air hardening. This 

sults in a decrease of ductility with a 

ultant bad effect on the mechanical 

ngth of the welded seams. 

[he best method of welding was found 

be arc welding with electrodes of aus- 

itic chromium-nickel steel of the 25 
Cr-12 Ni or 25 Cr-20 Ni types. By temp- 

ng (after welding) at 1400°-1500°F. 
h air cooling, it is possible to eliminate 
hardening effect and to raise the plastic 
perties of the welded seams. The heat 
tment may be omitted in those cases 
re the welded members are to be used 
high temperatures and where temper- 
in service may take place. 

[he resistance of the parent metal and 

the welded seams to oxidation at 
1300°F. in flue gases containing sulphur 
dioxide was equally high before and after 
welding. BZK (2a) 


2b. Non-Ferrous 


Beryllium-Copper Alloys — 
Working, Treating, Finishing 


““BERYLLIUM-COPPER 


Attoys.” E, E. 
HALts. 


Metal Treatment, Vol. 6, Sum- 
mer 1940, pp. 68-71, 78. Review. 

Alloys of beryllium are available in the 
beryllium-copper, beryllium-nickel and beryl- 
lium-iron series, but the most important of 
these commercially are the beryllium-copper 
alloys. The beryllium-copper alloys respond 
to precipitation hardening, with a wide 
range of mechanical properties available 
through control of composition and of 
time and temperature of precipitation treat- 
ment. 

The most widely-employed heat-treated 
alloys contain 2.0-2.5% Be. Solution an- 
nealing must avoid approaching too closely 
the melting point—1585° F.—and is usually 
performed at 1435°-1475° F. The time of 
treatment varies with furnace load and 
prior history of the material; 15-30 min. at 
temperature should suffice for cold-worked 
or ordinary wrought alloys. 

The hot-working range is 1065°-1425° F. 
Like welding, working in this range causes 
the development of a duplex a + £ struc- 
ture, which may be homogenized by quench- 
ing from 1435°-1475° F. after soaking for 
2-3 hrs. In the softened condition the 
beryllium-coppers are unstable and heating 
to any temperature up to about 1060° F. 
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(for the 2-2.5% Be alloys) promotes trans- 
formation of a to a + jy. 

For the commercial alloys the advocated 
precipitation hardening range is 520°-700 
F., with 575° F. usually employed; time at 
this temperature should be at least 4 hrs. 
Alloys containing about 2.30% Be have a 
tensile strength of 155,000 lbs./in.* in the 
precipitation-hardened condition. When 
cold-work-hardened but not precipitation 
hardened, the tensile is 120,000 Ibs./in.* 
Superimposing precipitation hardening on 
cold-work-hardening results in a_ tensile 
strength of about 170,000 Ibs./in.* in com- 
mercial material. The compression, tor- 
sional and shearing strengths of work- and 
precipitation-hardened material surpass those 
of beryllium-copper in other conditions, but 
the impact strength is less. 


If these are problems that con- 
cern you, why not let our lubri- 
cation engineers help you solve 
them with the right cutting 
fluid? They have done that for 
others. They can do it for you! 


One prominent screw manufac- 
turer,* for instance, was thus 
able to step-up production, 
lengthen tool life and turn out 
better finished work than he was 
able to do previously. 


Forming,. drawing. and machining present 
no special problems. Cold-worked-plus- 
precipitation-hardened alloys are easiest to 
machine. For blanking, a lubricant consist- 
ing of a 50/50 mixture of mineral oil 
(viscosity Redwood No. 1 at 70° F., 450 
sec.) and paraffin oil is sufficient for all 
thicknesses below 1/32 in., and a machine 
oil above this. No verdigris troubles arise 
with this lubricant. For severe drawing, a 
compound of the chalk-loaded calcium soap 
type thinned with light mineral oil is satis- 
factory. For cutting, a good sulphurized 
cutting oil or soluble oil is employed. 

Spot welding is practicable, but heavy 
currents and short time periods are essen- 
tial; electronic control is advocated. For 
fusion welding, the carbon-arc process is 
usually employed, using a beryllium-copper 


faster 
production 


better 
finish 


longer 
tool life 





Cities Service Metal Cutting lub- 
ricants are made to meet the ex- 
acting needs of modern industry 
by specialists conversant with 
every phase of metal cutting lub- 
rication. Let us get acquainted 
for mutual profit. 


Copies of our booklet on “Metal 
Cutting Lubrication” are still 
available to users of cutting 
fluids. Write for your copy—to- 
day — before the supply is ex- 
hausted. 


* Name furnished on request. 





FREE 
Just clip 


and mail 


CITIES SERVICE OlL CO., 
Sixty Wall Tower, Room 1626A, New York. 


Name saaint Title 
Business Address 
Firm Name 


City. State 





Please send me information concerning your 
Lubrication Engineers’ Service 


Please send me booklet on Metal Cutting 
Lubrication | 
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—ELECTRIC BAR HEATER— 


Equipped with electric eye control, the Q.C-f- air- 
operated Electric Bar Heater heats bars six feet 
long and from 3@ to 1” in diameter to 2000°F. 
in from 30 to 75 seconds. 


Bar heaters can be built for longer or shorter stock 
to your specifications. Q.C.f- engineers will gladly 
consult with you. 


AMERICAN CAR AND FOUNDRY COMPANY 


30 Church Street New York, N. Y. 
CHICAGO DETROIT ST. LOUIS 








CORROSION RESISTANCE of 


Metals and Alloys 


By R. J. McKay and R. Worthington 


A. C. S. Monograph No. 71 


The problem of corrosion confronts every industry that 
either manufactures or uses metal equipment. The an- 
nual bill of one large company for loss and replacement 
of materials for this cause is $10,000,000. It is conserva- 
tively estimated that the world’s yearly loss from corro- 
sion is over two billion dollars. 


A wide variety of metals and alloys is available for 
structural purposes, but service conditions are almost as 
varied. A vast amount of money has been wasted because 
of improper understanding of the corrosion properties 
of metals and of the type of attack to which they are 
subjected. Solving the puzzle of what metal to use in a 
given environment is the purpose of this comprehensive 
volume. 


492 pages Illustrated Price $7.00 


REINHOLD PUBLISHING CORP. 
330 West 42nd St., New York, N. Y. 














FURNACE 


ATMOSPHERES 


Pure nitrogen the unex- 
celled medium for pro- 
tection of metals in criti- 
cal heating processes and 
where exacting specifica- 
tions prevail. Superior, 
economical, safe. 


LOW COST 


The extremely low cost 
of narogen production by 
MAH generators war- 
=H your serious con- 
sideration. Write for 
complete data. 





FURNACES 4n> FORGES 


TO MEET PRODUCTION DEMAND 


The nation is awake. Production schedules will tax the capacities of 
plants throughout the nation. MAHR furnaces and forges will ma- 
terially enhance your plant output. 

e 
ROTARIES—CAR TYPES—CONVEYOR—ROLLER HEARTH—PUSHER 

OPEN FRONT FORCINGC—TOOL—POT—CRUCIBLE FURNACES 

a 
RIVET HEATERS—FORCES—TORCHES—BABBITT POTS—CORE OVENS 
The thousands of industrial heat applications made by MAHR engineers 


has resulted in the solution of a mass of problems which has built ex- 
perience that is invaluable and at your service. 


Write for FACTS on YOUR Problems 


“MAHR MANUFACTURING COMPANY 
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In Coblumbus 
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rod, without flux. The parts to be welded 
should be placed on a heavy steel block to 
induce rapid chilling; all welds should be 
hammered and the parts subsequently ho- 
mogenized. For soft soldering, a fluoride 
flux should be used. Silver-soldered work 
must be homogenized, a requirement that 
limits the solder employed to one melting 
between 1475° and 1590° F. 

Pickling is best done in sulphuric acid 
baths, and the “‘clean’’ but stained material 
should be subsequently given a dip in a 
bichromate solution consisting of 1 part 
sulphuric acid to 7 parts water, to which 
is added 2 oz. of sodium -or potassium bi- 
chromate per gallon. Plating techniques 
follow orthodox procedures, light nickel 
plating being adequate for many purposes. 
Cadmium or zinc plating should not be ap- 
plied for permanent finishing. 

Beryllium-coppers containing from 0.25 
to 0.50% Ni are said to be resistant to 
grain growth at the high solution-anneal 
temperatures usually employed. This is im- 
portant since grain growth shows up in deep 
press work as roughening of the surface at 
corners. A complex alloy containing 1.4- 
2.0% Al and 1.0-2.0% Si with 1.4-1.7% Be 
has been used because it can be conveniently 
produced direct from the ore. Its mechan- 
ical properties are similar to ordinary 2% 
Be copper, but its conductivity is only 10% 
of electrolytic copper as compared with 35% 
for the straight beryllium-copper. 

[This article does not mention the beryl- 
lium-coppers containing cobalt recently in- 
trod.ced in this country. One of their chief 
advntages over straight beryllium-copper is 


said to be the wide range of temperatures 
at ich precipitation hardening can be 
per| rmed without danger of over-heating 
and oftening—material can be held up to 
8 br . at 600° F. without resoftening. Ten- 


sile srengths of cold-worked-plus-precipita- 
tion. ardened material up to 200,000 I|bs./- 


in’ can be obtained, with elongation of 
2-3%. The cobalt-containing beryllium- 
coppers have an electrical conductivity of 
abou: 30% that of electrolytic copper.— 
F.P.P.] (2b) 


Cadmium Plating 
A Composite 


Cadmium plating has had to engage in 
a long uphill battle, chiefly economic, to 
attain its present important position in the 
finishing field. Always satisfactory tech- 
nically, the quality has been improved stead- 
ily, but its application is still limited by the 
occasional cost rises as compared to zinc 
plating. 

_ The general properties available, latest 
innovations, mew uses and cost data for 
cadmium plating are reviewed by A. BrEc- 
MAN ("Cadmium Plating,” Iron Age, Vol. 
145, Apr. 15, 1940, pp. 36-40). Cadmium 
plating is used more for atmospheric cor- 
rosion protection than for decoration, and 
is slightly less effective than zinc in 
some environments. Although not gen- 
erally resistant to chemicals, it has some 
advantages. Cadmium-plated surfaces can 

readily soldered. Their low contact re- 


sistance makes them suitable for electrical 
contact surfaces. 


Cadmium plating can be produced in 
thicknesses up to 0.03 in. Recently, Udy- 
lite Corp. produced coatings with high duc- 
tility in thicknesses ranging from 0.00085 
in. to 0.0255 in. at 180° angle without 
cracking of coating. Although cadmium 
may be applied by spraying or even by hot 
Pping, it is mostly electrodeposited in 
stil or barrels. 


A typical bath for still plating is as fol- 
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lows: 6.5 oz. sodium cyanide, 5.5 oz. cad- 
mium cyanide, 2.7 oz. sodium hydroxide; 
an alternative bath is 4 oz. cadmium oxide, 
1 oz. sodium cyanide. Current density may 
be 10-50 amps./ft.’, voltage 2-21. Arsenic, 
antimony, lead, silver and tin must be kept 
out of the solution to avoid dark, rough 
and spongy deposits. 

Addition agents for brightening are: Gu- 
lac molasses, gelatin, dextrin, etc.; nickel in 
minute quantities may also be used. Addi- 
tion agents also improve the hardness of 
deposits. According to Soderberg, the hard- 
est plates are always found within the 
bright range of solution. Acid cadmium 
baths have been developed for producing 
“adhesive” plates for flash coatings prior to 
plating from cyanide baths. Good ad- 
hesion can thus be obtained on stainless 
steel and on certain aluminum alloys. 

A large portion of commercial cadmium 
plating is done in barrels, using current 
densities and voltages of 175-500 amps./- 
barrel and 7-12 volts. The solutions are 
usually held at 70°-95° F. by cooling coils. 
In barrel plating, the work must be dumped 
out before rinsing; rinsing the barrel in- 
creases drag out losses. In cost estimating, 
it can be figured that 1 lb. of cadmium 
will cover cent 100 ft.? of surface with 
an average coating of 0.0002 in. 


Automatic cadmium plating as applied 
by a manufacturer of radio tuning con- 
densers is described by A. W. STEINBERG- 
ER (“Cadmium Plating with Automatic 
Equipment,” Products Finishing, Vol. 4, 
June 1940, pp. 30-38). The work is de- 
livered to the plating room in boxes, bar- 
rels, etc., from the press and is racked by 
operators on a monorail chain conveyor, 
which carries the parts to a tunnel type 
power washing machine. From here the 
conveyor carries the parts to the loading 
station of the plating machine where the 
racked work is transferred to the carrier 
cross bars of the plating unit. 


The sequence of operations in this unit 
are as follows: Electric cleaner, warm 
water rinse, hot acid, cold rinse, electric 
cyanide, cadmium plate, water spray, bright 
dip, water spray, hot water rinse, automatic 
air blast and hot air drier. The entire cycle 
takes place in about 10 min., using a chain 
speed of 42 in. per min. Production ca- 
pacity is about 3500 assemblies per hr. 
with an average deposit of 0.0002 in. 


The cadmium tank is equipped with an 
agitator, which prevents stratification and 
mixes in new chemicals. A portable filter 
keeps the solutions free of sediment. The 
setup includes 3 d.c. generators. The use 
of a wetting agent in the sulphuric acid 
treatment greatly increases its activity and 
reduces fuming. X (2b) 


Bright Zinc Plating 
A Composite 


The earlier method of producing bright 
zinc was to bright dip a pure zinc coating 
(plated from a cyanide bath) in certain oxi- 
dizing solutions, such as dilute nitric acid, 
acidulated hydrogen peroxide, or a chromic 
acid solution. The presence of lead, copper, 
tin, cadmium or arsenic in the zinc resulted 
in dark, streaky deposits after bright dip- 
ping. 

These metals can be chemically or elec- 
trochemically removed from the bath before 
plating out the zinc. However, direct meth- 
ods a producing bright zinc are obviously 
better, and two basic practices for doing this 
have recently been described. 


According to CLARENCE W. SmitTH of 
Philco Radio & Television Corp. (“Recent 
Developments in Bright Zinc Plating,” Mo. 
Rev. Am. Electroplaters’ Soc., Vol. 27, Apr. 


A TRUE 
CARBON 
CASE 


with 


PERLITON 





Greater depth of 
penetration ...... 


up to .050 inch. 


Perliton Liquid Carburizer 
provides the answer to indus- 
try’s need for a faster, surer 
method of  case-hardening 
steel parts . . . with economy 
and uniformity. 


Heat treaters everywhere are 
relying on the Perlitonizing 
process for faster production, 
more rapid penetration, uni- 
form carbon case, longer pot 
life, no objectionable fuming, 
lower cost per ton of steel. 


One of Perliton’s greatest fea- 
tures is the patented carbon 
crust over the bath, keeping 
it constantly super-charged 
with carburizing gases held in 
proper balance. This crust 
also prevents surface radiation 
losses. 


Houghton’s trained heat treat- 
ers, in all industrial areas, will 
conduct practical runs under 
your plant conditions . . . to 
prove to your satisfaction that 
Perliton is superior on every 
count. 


Send for the Houghton Man today, 
or write for the Perliton Book. 


E, F. HOUGHTON & CO. 


PHILADELPHIA 
Chicago - Detroit 
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1940, pp. 255-261) the addition of 0.5 
oz./gal. of sodium thiosulphate and 0.07 oz. 
/gal. of sodium sulphide to the cyanide zinc 
bath enabled bright deposits to be di- 
rectly obtained at current densities of 35-40 
amp./ft.*, at room temperature. The addi- 
tion of molybdic acid (MoQOs;) and an or- 
ganic brightener results in a further in- 
crease in brightness. A typical bath con- 
tains the following: 10 oz./gal. Zn(CN):; 
8.5 oz./gal. NaCN; 10 oz./gal NaOH; 1.7 
oz./gal. MoQO;; and 0.15 oz./gal. organic 
brightener. The above-mentioned quantities 
of sodium sulphide and thiosulphate may 
also be added. The current density should 
be above 30 amps./ft 
95°-100° F 


and the temperature 


As the zinc content of the bath tends to 
increase, it must be diluted occasionally and 
its composition adjusted accordingly. To 
develop the maximum brightness of coating, 
a bright dip must be used. The deposits 
contain 0.90-1.10% of molybdenum. Salt 
spray tests showed that the molybdenum did 
not materially affect the corrosion resistance 
of the coating. 


R. O. HuLt of du Pont (“Magnesium as 
a Control Agent for Zinc Anodes,” Proc. 
Am. Electroplaters’ Soc., June 1940, Pre- 
print, 3 pp.) points out that the accumula- 
tion of zinc in cyanide baths is caused by 
the lower value (85-95%) for the cathode 
current efficiency than for the anode current 
eficiency (97-105%). Since bright baths 
require close control, some method of equal- 
izing electrode efficiencies should be applied. 
Neither mercury- or aluminum-containing 
anodes nor the use of insoluble (steel) an- 
odes was very successful, for one reason or 
another. However, the addition of small 
quantities of magnesium or calcium to zinc 
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anodes causes a noticeable decrease in anode 
current efficiency, and control of anode com- 
position permits regulation of the bath. 
Addition of 0.18% Mg reduces the anode 
efficiency of pure zinc from 100% to about 
84%. If the zinc contains 0.1% Pb, the 
efficiency is reduced almost 50%. To pro- 
duce the same effect, more than 1% Ca 
must be used. Both magnesium and calcium 
additions also result in the formation of 
insoluble compounds in the bath that carry 
down suspended matter. AB (2b) 


Plating Zinc Die Castings 
A Composite 


The trend in electroplating practice fos 
zinc alloy die castings is definitely toward 
automatic operation—a natural concomitant 
of the widespread and still-growing use of 
this metal-form. Similarities and differences 
in present practice in different shops can be 
noted in three recently-published articles. 

The plating procedures in 3 large plants 
are described by W. W. BrouGHTON of 
Morris P. Kirk & Sons, Inc. (“Modern 
Practice in Plating Zinc Alloy Die Cast- 
ings,’ Mo. Rev. Am. Electroplaters’ Soc., 
Vol. 27, May 1940, pp. 339-345). Bright 
copper plating tended to give rough de- 
posits and the Rochelle salt bath was used 
instead. Bright nickel plating was used in 
all three plants. The plating procedures de- 
viated but little from standard practice. 
Electro-cleaning was omitted in some cases 
and an alkaline soak or a power washing 
machine was used instead. 

The effect of various cleaning procedures 
on the adherence of copper-nickel composite 
coatings on zinc die castings is discussed by 
B. F. Lewis of Northwest Chemical Co. 


Smooth 


PYRASTEEL 


screws 


for high temperatures furnaces. 





(‘The Relationship of Cleaning Technique 
and Adhesion of Electrodeposits,” Proc, Am. 
Electroplaters’ Soc., June 1940, Preprint 
7 pp.). Cleaning and plating procedures 
that exposed the die casting to a mini- 
mum of hydrogen evolution resulted jn a 
slower rate of diffusion of copper into the 
casting at elevated temperatures and in bet. 
ter adhesion. Adhesion was improved also 
by preparatory treatments that caused the 
copper to follow the crystal orientation of 
the base metal. 

The practice of Alemite Die Casting & 
Mfg. Co. in plating large quantities of 
automotive zinc alloy die castings is de- 
scribed by HERBERT CHASE (“Automatic 
Plating of Die Castings,’ Iron Age, Vol. 
145, Jume 27, 1940, pp. 40-41). Castings 
are buffed (as a rule no grinding or pol- 
ishing, except at die partings, is required) 
before being placed on a machine that auto- 
matically carries them through the cleaning, 
copper-plating and nickel-plating stages. 

High-pressure spray cleaning, with a hot, 
mild alkaline cleaner, is employed. Copper- 
plating, also automatic, is applied from a 
cyanide bath giving a 0.0003 in. (minimum) 
coating, and bright enough to form a good 
base for the bright nickel, which follows. 
The latter coatings (applied by the McGean 
method, with organic carrier and brighten- 
er) are so bright that buffing before chrom- 
ium plating (or before shipment if chrom- 
ium-plating is omitted) is seldom required. 

Chromium-plating is not automatic, but 
is efficiently carried out with a simple, in- 
expensive handling method comprising 2 
overhead electrically operated cranes each 
carrying an electric hoist with controls at 
convenient height. Two operators can 
handle per hour about 30 carriers, each 
holding several racks of castings. X (2b) 


as Butter 


That is the only way to describe the PYRASTEEL 
which we are making for 


heat-treating 


One of the essential requirements of these screws, 


working at high temperatures in heat-treating fur- 
naces, is that they shall be perfectly smooth, so as 
not to mar the stock. 

After they are cast and cleaned in the ordinary way, 
they are ground and polished to a mirror-like surface, 
and will handle such delicate materials as round 
copper billets without marring the surface. 


When material is to be conveyed in containers, we 


the job. 


the service. 


produce screws smooth enough in the rough to do 


PYRASTEEL screws are the most efficient and inex- 
pensive way of conveying a charge through a furnace, 
whether in separate pieces or in containers. 

We have installations of continuous screws up to 
32 feet in length which have been in operation for 
several years without failure or any interruption 


Ask for Bulletin 


CHICAGO STEEL FOUNDRY COMPANY 


37th Street at Kedzie Ave. 


CHICAGO 
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1850° to 2300°F Without 


Blower or Compressed Air 











Baker small gas fired furnaces prove that high temperatures 


can be obtained without blower or compressed air. Noiseless. 
Easy to install. Economical. There are Baker furnaces for 
tool rooms, for treatment of high speed steel and a hydrogen 


furnace for bright annealing, brazing and soldering without 


flux. Send for catalogue. 


BAKER & CO., INC. 


High Temperature Furnace Division 


113 ASTOR ST. NEWARK, N. J. 
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ACID and 
HEAT PROOF 


Regardiess of temperature or 
concentration — phosphoric 
and hydrofluoric acids ex- 
cepted. 


Send for bulletin oor 
and pricing standard sizes 
Vitreosil immersion Santen 
and Vitreosil containers in 
various shapes and sizes for 
heating acids 
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Thermal Syndicate 
Limited 


12 East 46th Street, 
New York, N. Y. 
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Me ELECTRONIC TYPE 
. PYROMETER CONTROLLER 


No motors, no depressor bars—no contacts. 

The Alnor is a simplified controller which operates on 
an electronic principle similar to a radio. 

The poinier of the pyrometer carries a vane. Two 
similar condenser vanes are attached to the arm of the 
adjustable target. When the pyrometer pointer reaches 
the target setting, the pointer vane passes between the 
condenser vanes and causes a change in the capacity 
of the circuit which in turn actuates the switch controlling 
the heating current or fuel valve. A red eye tells whether 
the heat is on or off. 

With no motors, contacts, depressor bars, there is no 
time lag in response and the utmost in ruggedness and 
durability is provided. 








Write for bulletin No. 3197-A 


@Mnois lee iar Lakeratarine tac 


425 N. La Salle St., Chicago, II. 


See complete line of “‘Alnor’’ instruments on display at the National Metal Con- 
gress and Exposition, Cleveland Public Auditorium, Cleveland, Oct. 21-25, 1940. 











RODINE 


MAKES PICKLING EFFICIENT 





® Stops Waste of Acid and Metal. 
@ Prevents Over-Pickling. 

® Eliminates Acid Fumes. 

®@ Reduces Acid Brittleness. 

® Cuts Costs. 


® Increases Tonnage. 


Bulletin on request 


AMERICAN CHEMICAL PAINT CO. 


Dept. 307, AMBLER, PENNA. 
Detroit, Mich. Walkerville, Ont. 
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Physical and Mechanical Properties (including Fa- 


tigue and Creep). 


Corrosion and Wear. 


En gineer- 


ing Design of Metal-incorporating Products. Selec- 
tion of Metals and of Metal-Forms. Competition of 


Metals with Non-Metals. 


Specific Applications of 


Metals and Alloys. 


3a. Ferrous 


“Pearlitic Malleable’’ Castings 


“PROPERTIES OF COMMERCIAL PEARLITIC 

MALLEABLE Iron.” C. H. Loric (Bat- 

telle Mem. Inst.) Am. Soc. Testing 

Materials, Preprint No. 38, June 1940, 
6 pp. Survey. 

The mechanical properties of the various 
commercial (usually proprietary) pearlitic 
malleables on the American market are cor- 
related, and data are summarized in a com- 
prehensive table. The term “pearlitic’’ as 
here used is generic and embraces not only 
malleable irons in which the matrices con- 
tain pearlite, but also irons containing a 
certain amount of combined carbon in any 
form (for example, Z-Metal, which is char- 
acterized by spheroidized carbide in the 
matrix). 

Because the pearlitic malleables contain 
combined carbon in the matrix, whereas 
standard’ malleables do not, the former are 
stronger, harder and less ductile than or- 
dinary malleable. Pearlitic malleables are 
made from white cast irons (usually of 
standard malleable analysis) by either (1) 
cutting graphitization short during the sec- 
ond stage of heat treatment, thus leaving 
some of the carbon combined, or (2) com- 
pleting the graphitization and subsequently 
heating into the critical range to recombine 
some of the carbon, or (3) incorporating 
alloying elements so as to require no modi- 
fication of the regular anneal. 

Assembling all data available for about 
16 commercial pearlitic malleables revealed 
that tensile strength and yield point values 
varied in direct proportion to hardness 
changes, between 120 and 260 Brinell. In 
other words, the various processes for pro- 
ducing these irons give substantially the 
same tensile strength and the same yield 
point for a given Brinell hardness, for any 
one composition. Ductility, however, is 
sensitive to the character of the combined 
carbon, hence variations in elongation 
among the variously-processed irons are 
realized irrespective of the hardness or 
strength values. 

Different types of pearlitic malleables 
can thus be produced with properties that 
vary from those of standard malleable [50,- 
000 Ibs./in.* tensile, 10-18%, elongation} 
to those with a tensile strength of 125,000 
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lbs./in.? and elongation of 2-3%. A ma- 
trix in which the combined carbon is 
spheroidized is, generally speaking, more 
ductile than a sorbitic matrix, which in 
turn is more ductile than a coarsely lamel- 
lar-pearlitic matrix—all for irons of about 
the same tensile strength and combined car- 
bon contents. 

Individual pearlitic malleables are re- 
ported to be superior to other ferrous metals 
with respect to certain properties taken 
singly. Thus, Z-Metal has double the notch- 
impact value of standard malleable; Ar- 
MaSteel was 20-40% more machinable 
than steel bar stock and drop forgings of 
the same hardness. These data should not 
be generalized to apply to all pearlitic mal- 
leables, however. 

Z-Metal, Gunite K, Mallix, ArMaSteel, 
Promal, Belmalloy, Belectromal, Perduro, 
Super Y, Meehanite Malleable, and Jewell 
Alloy are some of the pearlitic malleables 
discussed and compared. (3a) 


Corrosion Inhibitors 
in Air Conditioning Systems 
“Tests of Corrosion Inhibitors for 
Water Treatment in Air-Conditioning 
Equipment.”” James H. Wrison & Ep- 
warp C. Groesseck. J. Res. Natl. Bur. 


Standards, Vol. 24, June 1940, pp. 665- 
676. Research. 


Treatment of the circulating water used 
in air-conditioning equipment with small 
amounts of certain chemicals and control of 
the pH of this water greatly reduce the 
losses resulting from corrosion. The order 
of efficiency of the inhibitors studied was 
(a) chromates (the best), (b) silicates, (c) 
phosphates, and (d) carbonates. 

The differences in the corrosion resis- 
tance of the various kinds of iron and 
steel used were slight in comparison with 
the effect of a change of inhibitor or of 
condition of test. All of the inhibitors 
tested, with the exception of 100 p.p.m. of 
sodium carbonate, decreased the rusting of 
iron or steel. The studies involving the 
sodium silicates indicated that the higher 
the ratio of silica (SiO) to soda (Na:O), 
the greater was the inhibiting action. 

The distribution of corrosion, especially 
in the spray, was more uniform in the pres- 
ence of an inhibitor than it was in its ab- 
sence. In the case of all the inhibitors used, 
corrosion to some extent occurred in crevices 





but it failed to occur on flat, uniformly ex. 
posed, metal surfaces in 2 instances. How. 
ever, with inefficient inhibitors, the rustin 
was less in the crevices than on the fully 
exposed surface. In this case, the amount 
of corrosion appeared to be a function of 
the available space within the crevice. 


WAT (3a) 


High Speed Steel 
Forgings vs. Bar Stock 
‘“PracticaAL Notes oN HiGH Sprep 
STEEL Forcincs.””’ W. H. WILts (Alle- 
gheny Ludlum Steel Corp.) Trans. Am 
Soc. Metals, Vol. 28, June 1940, pp. 
424-439; discussion, pp. 440-444. Re. 
view plus research. 

“Many times in our shop we have |lis- 
tened to old-time mechanics insist that no 
tool such as chisels, scrapers, punches, tool 
bits, etc. is any good unless it has been 
heated up and hammered a little’’ says one 
of the discussors (W. E. Bancroft of 
Pratt & Whitney Div.) of this paper, in 
evident agreement with the author's con- 
clusion that in the middle-sizes of 18-4-1 
high speed tools, forgings offer advantages 
over bar stock. 

High speed steel is furnished in the form 
of hot-rolled or hammered annealed bar 
stock, cold-finished bars, and forgings. Bar 
stock generally includes sizes from ¥; in. 
to 8 in. round or equivalent. Sizes up to 
4.5 in. round are generally rolled, and above 
this, hammered. As the size increases, the 
problem of uniformity of carbide distribu- 
tion becomes more difficult. 

The use of forgings in place of the larger 
sizes of bar stock is now quite general 
among the cutting tool manufacturers, al- 
though much depends on the type of tool 
and the length or thickness with respect to 
the diameter. The advantage of forgings 
over large bar stock lies in the more homog- 
enous structure of the former, resulting in 
finished tools of greater strength and cut- 
ting quality. 

The mill's problem in obtaining satis- 
factory carbide distribution througho.:: the 


wide range of bar stock sizes is « nsid- 
erable. Long heating cycles and structural 
considerations limit ingot sizes to |arger 
figures, and larger tool sections t! get 
relatively less working from ingot fin- 
ished bar than do soft steels. Als, the 
penetrating effect of the hammer less 


than with soft steels, hence large sics of 
bar stock may have a center structure with 
cellular distribution of the carbides 

In upset forgings, on the other hand, the 
metal is worked transversely as wel! as lon- 

itudinally, resulting in more uniform car- 
bide distribution. Also, by starting from a 
relatively small billet from a smaller ingot 
than would be used for equivalent bar 
stock, the primary carbide particles are 
smaller. On the other hand, the produc- 
tion of high speed steel forgings is not im- 
mune from quality hazards, several of 
which are discussed. 

There is some difference of opinion as 
to the limiting-size for bar stock. A shift 
to forgings brings little structural improve- 
ment for sizes under 3 in., but as the 
diameter increases to 4 in. the advantages 
in forgings become more pronounced. This 
continues as the diameter increases and the 
thickness is less than 50% of the diameter. 
For sizes of 7 in. and over, and with 
lengths over 50% of the diameter, any ad- 
vantage over bar stock is doubtful. These 
statements are based on a study of micro- 
specimens. Impact tests (unnotched Izod) 
also gave better results for forgings than 
for bar stock. 

Although the value of the impact tests 
was minimized in the discussion, all dis- 
cussors agreed that practical experience gen 
erally demonstrated forgings to be superior 
to bar stock for high speed steel milling 
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The speed with which Germany carried through its 
tremendous armament program amazed the world! 
Now it is known that the wide-spread use of Sintered 
Carbide and Cobalt High Speed Steel Cutting Tools 
contributed largely to the completion of this program! 





The speed with which we can step up production for 
our own National Defense depends upon many ele- 
ments—but the general adoption of better Cutting 
Tools can step-up production immediately! 





In shell making FIRTHITE Sintered Carbide and Circle 
“C” Super High Speed Steel give maximum produc- 
tion on modern machine tools and definitely increase 
the productivity of older machines. 





The hard, tough, alloy materials used in aircraft and 
armored mechanized equipment require the nearly 
diamond-hard qualities of FIRTHITE Sintered Carbide 
Cutting Tools ke fast, accurate, uniform work. 


OES O10 











Why not profic from the experience of war-torn 
Europe where these newer cutting tools ce ages 
essential? Their adoption here can help “bridge the 
gap” while waiting for machine tool shipments. They 
can increase the out-put of present skilled machinists 
while new men are being trained. 





Close tolerances demanded by government specifica- 
tions are justifiable when men’s lives may depend upon 
it! The uniform accuracy and better finish made poss- 
ible by Sintered Carbide Tools avoid many rejections! 





Shell casings are drawn better with FIRTHALOY 
Sintered Carbide Dies. These remarkable dies stay on 
size, produce a “beautiful” finish and give long runs. 





In Defense production faster metal removal is vital! 
When ordinary 18-4-1 High Speed Steels fail in this 
objective (and when Sintered Carbide is not indicated), 
Firth-Sterling CIRCLE “C’” Super High Speed Steel 
will usually solve the problem. 


Our Firthite, Firthaloy and Metallurgical Engineers are 
at your service on Defense Program tooling problems. 


FIRTH “STERLIN L 


SEPTEMBER, 1940 


OFFICE AND WORKS 


McKEESPORT, PA. 


BRANCH WAREHOUSES 





NEW YORK al @ wcie 
HARTFOREI PHILADELPHIA 
LOS ANGELE‘ oT baie), 


CLEVELANI ETR 
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cutters, hobs and other tools in the sizes 
indicated. One discussor claimed that forg- 
ings finished in “shape dies’’ were much 
superior to those finished in ‘“‘flat dies.” 


FPP (3a) 


Irons and Steels 
at High Temperatures 


A Compo site 


High temperature service problems are 
the concern of metallurgical engineers in 
al! the metal-producing and metal-using in- 
dustries. In steel plants, non-ferrous mills, 
and foundries, as well as in industrial heat 
treating shops, furnaces must be equipped 
with parts that will resist scaling and be 
mechanically serviceable at temperatures up 
to 2000° F. and beyond. And there is 
scarcely a metal-consuming industry whose 
engineers don’t have to scratch around, in 
designing their products, for materials to 
resist the effects of heat in service—in oil 
refining, in the process industries generally, 
in electrical power equipment, in steam 
power, railroad and marine equipment, in 
industrial plant and domestic heating sys- 
tems, in service-heated parts of engines and 
machines, etc., etc. 

Among the phases of this general subject 
covered in recent articles are plain and alloy 
cast irons for elevated temperatures, highly- 
alloyed heat resistant materials, structural 
behavior of austenitic steels at high tempera- 
tures, and creep problems with alloy steel 
bolting materials. 


Cast Irons 


Among the cast irons, the simplest group 
that has any significant heat resisting value 
are the high strength irons, according to R. 
C. Tucker (‘Chromium Heat Resisting 
Cast Irons,” Foundry Trade ]., Vol. 62, 
June 20, 1940, pp. 463-464, 471; June 27, 
1940, pp. 485-486, 490). Their more stable 
pearlite and finer graphite than ordinary iron 
confer superior growth resistance at 850°- 
1000° F. Unalloyed high-strength irons do 
not resist scaling nor heat-shock and on 
short-time tensile tests their strength is sat- 
isfactory only up to 930° F. 

Low alloy irons are likewise not resistant 
to heat shock, and are only slightly more 
scale-resistant than high-strength irons. They 
depend for their high temperature strength 
on close control of structure and analysis. 
The best method of adding chromium seems 
to be in the ladle, using a modern exotherm- 
ic addition agent—for example, ‘““Chrom X,” 
a mixture of chrome ore with carbonaceous 
material and thermit that glows white hot 
and dissolves completely in the metal when 
added to it. (See also the “Trend” on this 
subject in our June issue, page MA 372). 
Service reports show satisfactory perform- 
ance at 1750° F. of 9-ton retorts made of 
cast iron containing 3.25% total C, 1.2 Si, 
0.6 Mn, 0.1 S, 0.1 P and 0.65 Cr. 


Discontinuities in the strength/tempera- 
ture curve of low-alloy irons containing sili- 
con, nickel or chromium were examined by 
F. Rott (“Beitrag zur Zugfestigkeit von 
Gusseisen in Abhangigkeit von der Tem- 
peratur,”’ Giesserei, Vol. 27, Apr. 5, 1940, 
pp. 123-124). For example, one pearlitic 
iron had a tensile strength of 37,000 lbs./- 
in.*, at 70° F.; this dropped to 13,500 at 
1250° F., rose to 15,300 at 1275° F., 
dropped to 13,000 at 1300° F., and then 
gradually dropped off to 2,000 at 1650° F. 
Discontinuities of this type occur in plain 
cast irons, but are most prominent in alloy 
irons, and seem to take place in the A:-As 
transformation range. From an engineering 
standpoint this temporary increase in 
strength is of no practical importance. 

Tucker also discusses high-alloy irons, 
such as Nicrosilal and Ni-Resist, which are 
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scale-resistant up to 1800° F. and have ap- 
preciable bending strength at 1550° F. 
Aluminum as a constituent of cast iron 
considerably improves its scale resistance, 
but the difficulty of getting the aluminum in 
the iron was almost insuperable until a 
special technique was developed to produce 
an iron known as ‘“‘Cralfer’ containing 7.5% 
Al and some chromium (see “Cast Iron for 
Modern Engineering Applications,’ T. 
Tyriz, Foundry Trade\.J., Voi. 62, Mar. 7, 
1940, pp. 185-187). 
High Chromium Alloys 

Values for the “scaling index’’ (gain in 
weight in mg./cm.* for 7 cycles of heating 
and cooling in burnt city gas) and “‘time- 
yield’ stress (giving an average creep of 
10° in./in./hr. between 24 and 72 hrs. 
at 1300° F.) are tabulated for a series 
of plain chromium steels and industrial heat- 
resistant alloys by W. H. HATFIELD (“Heat 
Resisting Alloys,” J. Birmingham Met. Soc., 
Vol. 19, Dec. 1939, pp. 155-168). Some 
typical values are given in the accompany- 
ing table. 
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Sometimes it is found that certain aus- 
tenitic nickel-chromium-iron alloys show, 
before being placed in high temperature 
service, an abnormally large grain size in 
localized areas, which leads to local weak- 
ness and early failure in use. The probable 
cause of this was sought by A. PorRTEVIN 
& R. Castro (‘Etude de la Recristallization 
d’ure Austenite Speciale au Nickel-Chrome,” 
Bull. Assoc. Tech. Fonderie, Mar./Apr. 
1940, pp. 47-50) by variously cold working 
and annealing specimens and noting their 
recrystallization behavior. 

The abnormal results were obtained when 
the specimens were overheated in the range 
2000°-2200° F. Apart from this, there were 
no unusual recrystallization phenomena, é.g. 
transformations, etc. The structural changes 
produced by a small amount of cold work 
may result, in heating, in the very large 
grain size. 


Alloy Steel Bolting Materials 


Materials selection, relaxation and creep 
testing, and service requirements of alloy 
steels for bolting are discussed by J. J. 
KANTER of Crane Co. (‘‘Reducing Creep in 
Alloy Steel Bolting Materials,’ Steel, Vol. 
106, Mar. 4, 1940, pp. 44-48, 72). Re*axa- 
tion tests of actual bolted joints at elevated 
temperature indicate that bolting relaxa- 
tion may be the determining factor in main- 
taining tight joints when service tempera- 
tures are very high. There is no real basis 
in the A.S.T.M. alloy steel bolting mate- 
rials specification (A 193-39T) for accept- 
ing as relaxation and creep-resistant any of 
the 11 steels there listed. A short-time ac- 
ceptance test (supplementing the required 
tension tests) for bolting materials still 
needs to be developed. 


Only one steel (Bi4) in the specification 
calls specifically for a normalizing treatment 
followed by a draw. It was developed by 
the author's company and is called ‘Tem. 
plex.” It contains 0.35-0.50% C, 0.40-0.79 
Mn, 0.04 max. P, 0.05 max. S, 0.15-0.39 
Si, 0.80-1.10 Cr, 0.30-0.40 Mo and 0.20- 
0.30 V. This steel is unusual in that it 
comes through a _  normalized-and-draw 
treatment with excellent tensile properties, 

As oil quenched and drawn, B14 has 
high temperature short-time tensile proper- 
ties similar to those of B7 (S.A.E. 4140) 
steel. However, at 900° F., the properties 
of oil-quenched B7 and normalized B14 
respectively are: (a) tensile strength, lbs./- 
in.”, 98,000 and 116,000; (b) yield point, 
Ibs./in.? 73,000 and 88,000; (c) creep 
stress, 1% per 10,000 hrs., lbs./in.*, 20. 
500 anc 59,000; and (d) creep stress, 0.1% 
per 10,000 hrs., lbs./in.”, 10,000 and 46,000. 

Relaxation tests showed a decline from 
30,000 Ibs./in.? to 25,300 Ibs./in.? for nor- 
malized B14 after 180 days at 850° F. This 
indicates that a number of years would be 
required for relaxation to 15,000 Ibs./in”. 
the approximate stress at which leakage oc- 
curs in the usual high-pressure flanged 
joint. At 850° F., B7 relaxed to the 15.000 
lbs./in.* leakage point in but 63 days. 

Studies of relationship of creep resis- 
tance to microstructure tend to show that 
an optimum grain-size range exists in which 
an alloy steel is most resistant to creep 
For B14, this range seems to be about 
A.S.T.M. No. 5-7. Finer grain size repre 
sents too great a proportion of the materia! 
in the “disorganized’’ condition which p 
motes creep, while larger grain size cd 
not ,afford enough “keying” against plastic 
deformation. X (3a) 


Ferrous Alloys to Resist 
Hydrogen Sulphide 


Tue Errect or Gases CONTAINING 
HypDROGEN SULPHIDE ON IRON AND Som 
Iron Atioys (“Ueber den Einfius 
schwefelwasserstofthaltiger Gase_ aut 
Eisen und auf einige Eisenlegierungen”’ 
W. Bavuxkton & E,. Sperzier. Korrosi. 

u. Metallschutz, Vol. 16, Apr. 1940, 


116-121. Research. 


In the various processes for hydro- 
genating coal, hydrogen sulphide is formed 
and presents a formidable corrosion prob- 
lem. Materials that might be suitable for 
the equipment used in this process were 
investigated. The attacking gases were mix- 
tures of nitrogen with hydrogen sulphide 
and of hydrogen with hydrogen sulphide; 
ingot iron and manganese, chromium and 
aluminum steels were exposed to the gases. 

Alloys of iron with aluminum and chro- 
mium proved particularly corrosion-resist- 
ant. Corrosion by hydrogen - hydrogen sul- 
phide mixture was less at higher tempera- 
tures than corrosion by nitrogen - hydrogen 
sulphide mixtures, while at low tempera- 
tures the conditions are reversed. Alloying 
iron with carbon increases the corrosion re- 
sistance but does not give a corrosion-proof 
material; the resistance of a 0.45% C steel 
to hydrogen sulphide gases was about 30% 
higher than ingot iron. Silicon improves 
but slightly the resistance to attack by 
hydrogen sulphide gases. 

The addition of 1.5% Ni gave a slight 
improvement for temperatures up to 950° 
F., although above 1300° F. such nickel 
steels were no better than ingot iron, prob- 
ably because of the relatively low melting 
point of the nickel sulphide corrosion 
product. In general, the protective effect of 
an alloying element is determined chiefly by 
the physical properties of the solid corto- 
sion products formed. This accounts for the 
good protection afforded by the aluminum 
content of some steels. On the aluminum 
steels, two layers of scale could be observed 
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ALUMINUM 
ALLOY + + * 


TENSILE STRENGTH UP 
TO 33,000 POUNDS 
Without Heat Treatment | 








Produces Superior Castings without Warpage— without 
Severe Internal Stress — with Excellent Machinability 
and with Fine Corrosion Resistance. 

Physical properties of this remarkable alloy in comparison 
with those of heat treated alloys at normal and elevated 
temperatures show T’-1 to be exceptionally strong with 
superior characteristics—including the ability to take a 
weld without in any way injuring its physical properties. 





T-1 Alloy 
Meets All Requirements of 
Air Corps No. 11324 
Specifications Sept. 9, 1939 Shipments can be made within a few days after 
ALUMINUM ALLOY SAND CASTINGS patterns are received. No delays for heat treating. 


T-1 ALLOY is available in ingots or will be used in fur- 
nishing castings to your specifications. 














Air Corps No. 11325 : oar ' Pay” . 
Specifications Mar. 18, 1940 Write for descriptive literature, advising purpose for which 
ALUMINUM ALLOY SAND CASTINGS T-1 ALLOY is desired. 
(Aluminum, Copper, Tin, Magnesium, Zinc) 
Navy Aeronautical No. M-397 
Specifications Mar. 15, 1940 





ALUMINUM ALLOY (AL-31) 
SAND CASTINGS 








THE NATIONAL BRONZE AND 


ALUMINUM FOUNDRY CO. 


EAST 88TH & LAISY AVE., CLEVELAND, OHIO 





SEPTEMBER, 1940 3.45 











at 950° F.—an easily removed outer film 
and a well-bonded inner layer. At 1300° F., 
3 layers are tormed—the outermost smooth 
and silvery, the intermediate layer soft and 
pliable, and the innermost, mainly alumina 
(Al,0;), firmly bonded and highly pro- 
tective. Ha (3a) 


Pitting and Fatigue of Steels 
“INFLUENCE oF Cyciic Stress on Cor- 
ROSION PiTTING oF STEELS IN FRESH 
WATER, AND INFLUENCE OF StrREss Cor- 
ROSION ON Faticue Limit.” DuNLAP 
J. McApam, Jr. & Grienn W. GEIL. 
J. Res. Natl. Bur. Standards, Vol. 24, 
June 1940, pp. 685-723. Research. 


By examination of surfaces and longi- 
tudinal sections of specimens of steel after 
stress corrosion, information has been ob- 
tained on the influence of cyclic stress (dur- 
ing corrosion) on the form and size of cor- 
rosion pits. A discussion is given of the 
theoretical stress concentration due to cor- 
rosion pits, and of the influence of size on 
the effective stress concentration. By com- 
parison of typical views of corrosion pits 
with curves representing the decrease of the 
fatigue limit with corrosion time, the forms 
and sizes of corrosion pits are correlated 
with the resultant lowering of the fatigue 
limit. 

The stress corrosion process is discussed 
in terms of the general theory of corrosion 
of metals. With increase in cyclic stress and 
cycle frequency, the corrosion process is 
shifted from a cathodically controlled proc- 
ess toward an anodically controlled process. 
The results of examination of specimens 
corroded with and without cyclic stress 
indicate that cyclic stress tends to increase 
the size of corrosion pits, to cause trans- 
verse extension and merging, and to cause 
increase in relative depth. 

When the combined influence of stress, 
cycle frequency, and corrosion time is suffi- 
ciently great, transverse fissures appear at 
the equators of the rounded corrosion pits. 
When the combined influence of these 
three variables is somewhat less, transverse 
crevices are formed. When the combined 
influence is still less, the rounded pits may 
merely extend laterally and deepen, without 
loss of rounded contour. When the com- 
bined influence is small, the chief effect 
may be an increase in the size and relative 
depth of the rounded pits. 

Cyclic ‘stress, while increasing the size of 
the pits, apparently decreases the tendency 
of pits to spread and form shallow saucers. 
Cyclic stress may have great effect on the 
size of a few pits, while having little 
apparent effect on the size of most of the 
pits. The range of both form and size of 
the corrosion pits on any one specimen 
may thus be greatly increased. Cyclic stress 
may accelerate corrosion, not only by in- 
creasing the permeability of the film and 
layer of corrosion products, but also by in- 
creasing the solution pressure of the metal. 

The relative importance of these two 
factors probably varies with the kind of 
metal, the intensity of the general corrosion, 
the properties of the corrosion products, 
the cycle frequency, and the stress. Under 
moderate or severe general corrosion, the 
important factor is the influence of cyclic 
stress (in the metal) on the permeability 
of the coating. Under slight general corro- 
sion, and especially under relatively high 
stress, an important factor may be the in- 
fluence of stress on the solution pressure of 
the metal. 

The lowering of the fatigue limit must 
be attributed to stress concentration around 
corrosion pits. Because of stress concentra- 
tion, the actual stress around a pit may be 
above the fatigue limit, when the nominal 
stress (estimated from the applied load 
and the dimensions of the specimen) is 
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much less. Stress concentration, therefore, 
must be considered in any attempt to cor- 
relate the forms and sizes of corrosion pits 
with the lowering of the fatigue limit. 

WAT (3a) 


3b. Non-Ferrous 


Nickel-Bronze Castings— 
A General Utility Alloy 

“A GenerRAL Utitity Non-Ferrous 

Castinc Attioy.” A. DuNLop. Foun- 

dry Trade J., Vol. 62, May 30, 1940, 

pp. 397-399. Descriptive survey. 

To reduce the number of casting alloys, 
utilization of heat treatable alloys seems 
promising. Such alloys can by treatment 
be made to several physical specifications 
without changes in composition or foundry 
practice. 

The alloys of copper, nickel and tin 
have been previously shown by others to 
have promise in this direction. The author 
reports on the properties of an 88% Cu, 
5 Sn, 5 Ni and 2 Zn alloy, and compared 
them with those of Admiralty gunmetal, 
phosphor bronze and high tensile brass. 

The Brinell hardness of the 88-5-5-2 
alloy can be varied between 80 and 200 by 
suitably adjusting the heat treatment. For 
the best properties, a double heat treatment 
should be employed. The first stage con- 
sists in heating at a high temperature; fol- 
lowed by rapid cooling, such a treatment 
produces maximum softness. The second 
stage involves reheating or aging at a much 
lower temperature. Of the two sections of 
the heat treatment, the second is the more 
critical, since varying the time and tempera- 
ture at this stage results in a wide variation 
in mechanical properties. 

While the alloy responds very well to 
heat treatment, it nevertheless has excellent 
mechanical properties in the ‘as-cast’ con- 
dition. From the tables given in the paper, 
it is evident that 88-5-5-2 nickel bronze is 
superior to the 88% Cu, 10 Sn, 2 Zn gun- 
metal, the superiority of the Izod impact 
value being most marked. 

The yield point and the limit of propor- 
tionality of the heat-treated nickel-bronze 
are superior to those values for the phos- 
phor-bronze and the high-tensile brass. The 
Izod impact value of 36 ft.-lbs. obtained in 
the nickel bronze aged at 475° F. is con- 
siderably higher than even the high-tensile 
brass (23 ft.-lbs.). When aged at 575° F., 
the nickel-bronze possesses a nice balance of 
properties, with Izod value equal to that of 
the high-tensile brass and proportional limit 
214 times greater and yield point 11 times 
greater than the latter alloy. 

A cylindrical sleeve nickel-bronze casting 
3 in. long by 35% in. external diam. and 
2% in. internal diam. in the ‘‘as-cast’’ con- 
dition successfully withstood an internal 
water pressure of 1450 lbs./in.*, the maxi- 
mum pressure capable of being produced by 
the testing apparatus. Even after the casting 
was machined internally to reduce the wall 
thickness to 1% in., the casting was still 
pressure-tight at 1450 lbs./in.’ 

Thereupon the casting was heat treated 
for 5 hrs. at 1400° F., water-quenched, and 
aged 5 hrs. at 660° F. Retesting of the 
heat-treated casting showed it still to be 
pressure-tight at 1450 lbs./in.? The section 
of the casting was then reduced to 5/16 
in. by machining internally and externally, 
but again this reduction of section did not 
in any way affect the pressure-tightness. 

The alloy might have useful qualities as 
a bearing material, although definite con- 
clusions cannot yet be drawn. In the as-cast 
condition, the nickel-bronze requires a com- 
pression load greater than 15,500 Ibs./in.* 
to produce permanent deformation, and 
when heat-treated this value becomes 60,- 
000 Ibs./in.? The figure for Admiralty gun- 


. 


metal is 11,000, for phosphor bronze 13. 
500, and for high-tensile brass 18,000 
lbs./in.* The alloy has given successfy] 
performance in centrifugal water pump 
bearings and in the main bearing of an air 
compressor in the author's laboratory. 

Admiralty gunmetal and phosphor-bronze 
are well known for their corrosion resist. 
ance to both fresh and sea water. The 
nickel-bronze compares favorably with these 
alloys in these media, the order of corro. 
sion being about the same for all. 


AIK (3b) 
Metal-Sprayed Bearings 


‘““MetaL SprayeEpD BEARINGS FoR Hicna 

SpeEep Operation.” H. SuHaw. Pam- 

phlet, Assn. Metal Sprayers (Barclay’s 

Bank Chambers, Dudley, England) Mar. 
1940, 12 pp. 


Bearing linings of several types applied 
by the metal-spray process are discussed, 
and friction and seizure-load test data given, 
Laboratory tests were made by pressing a 
flat metal-sprayed specimen, simulating the 
bearing, against a flat rotating disc, simu- 
lating the shaft. A dynamometer device 
measured the friction, and heated oil was 
supplied. 

In the friction tests reported the metal- 
sprayed surface was compared with the 
same material in the cast state, when casting 
was possible. The hardness and initial fin- 
ish of the steel disc is not stated, nor is it 
stated whether the samples were initially 
worn-in under light load before starting the 
friction test. 

Operating under conditions that are prob- 
ably comparable, though not stated, the 
sprayed surfaces were found to have lower 
friction and higher seizure loads than the 
cast material, this holding for tin-base bab- 
bitt (of which several sprayable composi- 
tions are mentioned but the one actually 
used is not stated), for so called “cadn\ium- 
silver-copper” (the listed analysis of 
which, however, is about 99% Cd, 0.° Cu, 
0.5 Ni with only 0.015 Ag), and for lead 
bronze, 80% Cu, 5 Sn, 15 Pb. 

The sprayed lead bronze was bette: than 
in the cast condition when the sprayed sur- 
face was fresh, but, after running, \t ap- 
proached the same behavior as that of the 
cast material. The lead bronze w:s the 
poorest material tried, considering both co- 
efficient of friction and seizure load. Sprayed 
tin-base babbitt had the lowest coetiicient 
while the cadmium base had the highest 
seizure load, on the average of tests at 50, 
1000, and 3000 ft./min. . 

Still lower friction and higher seizure 
load were shown by a copper backing “cov- 
ered with fine pores or pits of a size such 
as say 0.005 in. deep by 0.003 in. diam., 
into which tin or tin-base metal is loaded by 
any convenient means. The tin-base metal 
cannot crack because it is held in the very 
fine pores or pits of the backing metal (cop- 
per, for example). In running, the load is 
taken by the tin-base metal so that the fric- 
tion is that of a tin-base metal aided by the 
peculiar channel effect created between the 
tin-filled pores and the copper backing, the 
tin remaining in relief above the backing. 

This material is thus an approach to 4 
copper-lead type of bearing, with tin sub- 
stituted for lead, and produced in such 
fashion that the tin pools are not harde 
by diffusion of the copper, as would occur 
in hot-tinning. 

No information is given on the load- 
carrying ability of any of the sprayed coat- 
ings in respect to resistance to deformation, 
and no comment is made as to whether they 
squashed out at the loads tabulated as being 
borne without seizure. The sprayed coat- 
ings are porous, and retain and exude oil 1. 
much the same fashion as a powder metal 
lurgy bearing. 
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STAINLESS ALLOYS 


Lebanon’s Circle LCorrosion-Resistant 

Alloys cover a wide range both in analy- 
sis and properties. Bulletins describing 
these alloys will be sent upon request. 


LEBANON STEEL FOUNDRY 
LEBANON, PENNA. 


ORIGINAL AMERICAN LICENSEE 
GEORGE FiscHer (swiss CHAMOTTE) METHOD 


INDUSTRIALIST who oversees the 
working of a multi-million dollar 
plant — proprietor of the corner confec- 
tionery — both may profit from the use 
of stainless steels in their equip- 
ment. Alert manufacturers are meeting 
the demand from their customers, 
large and small, for corrosion-resis- 
tant materials. 

Many equipment makers have come 
to Lebanon for help in selecting the 
proper alloy for their particular pur- 
pose. Machining, welding and response 








to heat-treatment—these and other 
important factors influence the prac- 
tical use of the new corrosion-resis- 
tant alloys. 

Because we approach these matters 
realistically—because of our long ex- 
perience with these alloys and their 
application to scores of industries, 
more and more makers and users of 
equipment which is subject to corro- 
sive action “put it up to Lebanon”. 

Perhaps you, too, can profit by “put- 
ting it up to Lebanon”. 





‘Steel Castings 





Shaw states that work is being carried on 
by others in England on sprayed aluminum- 
base alloys with “quite good’’ results. The 
final composition has not been selected. He 
indicates that an element producing a hard 
constituent such as copper, nickel, antimony 
or iron, with perhaps a little zinc for 
strength, and with tin and lead for anti- 
friction properties, may all be added to the 


aluminum. HWG(3b) 


Zirconium 
A Composite 


Our present knowledge of and experi- 
ence with zirconium metal are usefully re 
viewed in two articles in a recent issue of 
Foote Prints. In one, the production, prop- 
erties and uses of ductile zirconium (and 


titanium) are described, and in the other 
the use of zirconium as a “getter’’ material 
is discussed. 

The first step in the production of ductile 
zirconium and titanium, according to H. W. 
GILLETT of Battelle Mem. Inst. (“Some 
Features of Ductile Zirconium and Titan- 
ium,” Foote Prints, Vol. 13, June 1940, 
pp. 1-11) is the reduction of a zirconium 
salt with calcium or other strong metallic 
reducing agent to form a non-ductile metal 
in powder form. Attempts to agglomerate 
into a massive form that can be made duc- 
tile in the cold have not been very success- 
ful. 

Zirconium oxidizes rapidly and absorbs 
hydrogen with increasing avidity from about 
950° to 1550°F., gives some of it up as it 
passes through the inversion, and then takes 
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up more on further heating. Titanium 
once charged with hydrogen will not give 
it all up by any purely thermal treatment. 
Oxygen and nitrogen are taken up above 
red heat and the oxides and nitrides are 
not only very stable but form solid soly. 
tions with the metals to an unprecedented 
degree. These properties greatly compli- 
cate hot working. 

The production of massive metal, ductile 
in the cold, must therefore be carried out 
by vapor phase decomposition of zirconium 
or titanium tetra-iodide, the metal being 
deposited in crystalline form on an elec. 
trically heated hair pin filament into rods 
of about % in. diam. Since these crystals 
are formed above the inversion point, they 
retain the exterior appearance of the high 
temperature (beta, body-centered cubic) 
form on cooling, but below about 1589° 
F. the structure is alpha, hexagonal, so 
that the crystals of the rods are pseudo- 
morphic. 

Phy sical Properties 

Although pure zirconium and titanium 
transform at about the same temperature 
(not far from 1580° F.) it takes an extra- 
ordinarily good vacuum to avoid contamin- 
ation of the metal above 1475° F. with 
traces of oxygen or nitrogen. The inver- 
sion point is greatly reduced by such con- 
tamination. Contamination also increases 
electrical resistivity, and hardens and em- 
brittles the metal. Even so, the crystal rods 
can be hot worked at around 925° F. with 
impunity and massive metal can be han- 
dled in air as long as it is kept below red 
heat. 

It is customary to swage the bars of big 
crystal before drawing or rolling. If done 
at 750°-925° F., a surface film of oxide 
is formed that prevents adhesion of the 
metal to drawing dies and rolls. 

The metals show a low rate of work 
hardening and will stand very large cold 
reduction to extremely fine wire and thin 
foil. The highest strength in fully cold- 
drawn wire was 142,000 Ibs./in. tensile, 
1% elongation; vacuum annealing r 3 
hrs. at 750° F. gave 100,000 Ibs./in.” ten- 
sile, 3% elongation, while 3 hrs. at 925° 
F. gave 56,000 Ibs./in.* tensile and 12% 


elongation. Maximum Erichsen t on 
sheet was obtained after 30 min. at 980° 
F. or 2 sec. in a gas at 1300° F. (An 
nealing temperature for titanium is given 


as about 925° F.) 

Electric pressure welding under control 
made possible by modern equipment makes 
fabrication of the metals by welding en- 
tirely practical. Zirconium under most con- 
ditions is more resistant to corrosion than 
titanium. Except for hydrofluoric acid and 
for very concentrated hot sulphuric and 
phosphoric acids, the acid resistance of 
zirconium is extremely good. Its resistance 
to alkali is also noteworthy, zirconium be- 
ing superior to tantalum in this respect. 

Preliminary appraisal of the dropwise 
characteristics of zirconium was obtained 
by making several experiments in which 
the metallic surfaces were exposed to dif- 
ferent types of vapor. Zirconium exhibits 
the power of promoting dropwise conden- 
sation, which has already been recognize 
as a valuable property of tantalum, paf- 
ticularly with respect to heat-exchange 4p- 
plications. 


Zirconium as a Getter 


The properties of zirconium that make 
it a likely choice for “getter” materials in 
vacuum technique are recounted by J. D. 
Fast (“Zirconium as a Getter”, [bid., PP. 
22-30). ‘‘Getters” are metals employed in 
high vacuum work for the purpose © 
binding gases chemically and thus shortea- 
ing the pumping time; magnesium as 
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Cost Less Because They Last Longer 


Any industry—your industry—may learn a valuable 


lesson from the manufacturers of Cast Steel Gears. 
Their first cost is lower, for they may be designed 
for greatest strength exactly where needed, without 
excess weight. They require less machining, and where 
teeth are cast, there is little or no waste stock. Differ- 
ential hardening of parts is practical and inexpensive. 
And Cast Steel Gears wear longer. They start with 
uniform, homogeneous blanks, free from flow lines con- 
centric with rim, which might cause tooth breakage. 


Desired mechanical properties may be specified in 
advance. 

These same qualities, plus many others, may lead 
the way to improvements in your product. Investigate 
the ability of Steel Castings to save money—they pro- 
vide extra strength without extra weight, cut down the 
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been used extensively as a getter. After 
evacuating vacuum tubes to a certain low 
pressure, the getter metal is volatilized; 
in the gaseous state, it removes the gases 
more rapidly and produces a lower final 
pressure than is possible by means of high 
vacuum pumps alone. 

Of more recent interest are metals that 
in vapor or solid state not only shorten the 
pumping time, but which in the solid state 
are able to fix the gases released after the 
tube has been sealed off the pump (i.e. 
during its useful life). Under certain con- 
ditions, zirconium satisfies this require- 
ment. 

In contradistinction to corrosion resistant 
metals, which are usually those that assume 
a good protective oxide film, getters are 
generally metals that take a poor pro- 
tective oxide film. Among the relatively 
corrosion resistant metals are also those 
(aluminum, chromium, titanium, zirconium 
and tantalum) that have high heats of 
formation of the oxides, leading one to 
expect high corrodibility by oxygen. 

From consideration of the nature of 
oxide film formation and the heat of 
formation of oxide, it follows that a good 
getter must not only satisfy the require- 
ment of a great affinity with oxygen, nitro- 
gen, hydrogen and carbon, but during re- 
action no dense, compact layers shall be 
formed to delay further action. 

In the case of the alkali (lithium, 
sodium, etc.) and alkaline earth metals 
(magnesium, calcium, etc.) the volume of 
the oxide is smaller than that of the 
metal, leaving base metal exposed to fur- 
ther attack. Of the alkali metals, none has 
a melting point too low or vapor pressures 
(except lithium) too high to prevent their 
use as getters. The alkaline earth metals 
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are often used as getters, their chemical 
activity increasing in the order magnesium, 
calcium, strontium, barium, with magnes- 
ium functioning only during the process 
of evaporation, while barium also absorbs 
gas in the solid state. 

In the case of titanium and zirconium, 
no sealing layers are tormed at high tem- 
peratures, because the solubility of oxygen 
and nitrogen in these metals is very high. 
At the same time, there is the advantage 
that at low temperatures very good pro- 
tective layers are formed, making these 
metals stable in air. Large quantities of 
hydrogen can also be absorbed by zircon- 
ium in solid solution. 

The table below lists some of the phys- 
ical properties of zirconium [taken from 
both articles}: 


Modulus of elasticity (wires 

of O04: im. GOD ... cess 10,700,000 
Melting point, °F. ....... 3,360 
Electrical resistivity, ohm-cm...0.41 x 10—* 
Coefficient of thermal expan- 

sion/deg. F. at room tem- 

ee ee 3.3 x 10— 


at 900° F. (500° C.) 1.5 x 10— 
EE, ME ee See eh ss os bine 6.52 
EPR. 25 PaaS 40 
P| ee) eee 91.22 


structure at low 
....hexagonal close-packed 


Crystal 
temperature 


Crystal structure at high 

temperature ...... body-centered cubic 
Transition point hexagonal 

ey ee Se ae 865° C. 


Coefficient of spectral emis- 

sivity of the cubic zircon- 

ium red (= 6550 A. U.)........0.43 
Thermionic work function of 

cubic zirconium, in elec- 


tron-volts 


RAW b) 


Fatigue of Brass 

““BEHAVIOR OF CRYSTALLINE StrRvC1 

or Brass UNpEerR Stow anv Ra 

CycLtic Stresses.” R. A. Woop & 

L. THorne (Nat'l Phys. Lab.) P 

Roy. Soc. [A], Vol. 174, Feb. 19 

pp. 310-321. Original research. 

Definite evidence of a most interesting 
“speed-effect,”’ accompanied by a permanent 
structural change after stressing at high 
speeds, has been found in direct reversed- 
stress fatigue tests on 70:30 brass. This 
material exhibited a marked yield point 
when statically loaded at about 10,800 
lbs./in.*, and yielding at this stress was also 
noted to occur under slow cycles of re- 
versed stress. 

In these conditions, specimens that had 
been stressed above the yield point could 
be distinguished by X-ray examination as 
possessing a structure broken up into wide- 
ly oriented crystallites. When tested in a 
high frequency fatigue-testing machine at 
2,200 cycles/min., however, it was found 
that a stress as great as 20,000 I|bs./in.” 
‘could be applied without producing any 
marked elongation or causing any dispersal 
of the structure into crystallites. 

Moreover, after this high-frequency stress- 
ing, the original yield point was permanent- 
ly raised and the material would with- 
stand a static load of over 22,500 \bs./in. 
without showing signs of yielding. It 1s 
suggested that the change in properties 1 
brought about by the storage of an appre- 
ciable amount of internal strain. In evi- 


dence, it is shown that the high-frequency 
stressing brings about a measurable volume 
expansion. 
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Physical and Mechanical Property Testing and In- 
spection. Routine Control and Instrumentation. X-ray 


and Magnetic Inspection. 
elastic Analysis. 


Spectrographic and Photo- 
Corrosion- and Wear-Testing. Ex- 


amination of Coatings, Surface Measurements. Metal- 
lographic Structure and Constitution. 


Spot Test for Chromium Plate 

“‘NoTES ON THE Spot Test For THICK- 

NESS OF CHROMIUM CoaTINGs.” W. 

Brum & W. A. Otson (Nat'l. Bur. 

Standards) Proc. Am. Electroplaters’ 

Soc., June 1940, Preprint, 3 pp. Dis- 
cussion, 


Che spot test for the thickness of chrom- 
ium coatings consists in placing a drop of 


concentrated hydrochloric acid on_ the 
chromium and noting the interval of time 
from the beginning to the cessation of gas 
evolution. 

The discrepancies observed in the use 
of this test are due partly to the high 
temperature coefficient of the rate of solu- 
tion of chromium and the large effect of 
the concentration of the acid, which is 


more critical than was formerly realized. 
Chromium dissolves at a maximum rate in 
an acid of specific gravity of 1.15-1.16. 
The recommended procedure specifies an 
acid having a specific gravity of 1.180+ 
0.002 at 60°/60° F. (11.5N0.2N), 
which dissolves chromium at about 60% 
of the maximum rate. The time required 
to dissolve 0.00001 in. of chromium varies 
from 13.5 sec. at 18° C. (64° F.) to 7.5 
sec. at 30° C. (86° F.) The reproduci- 
bility of measurements made by a single 
observer are about 10%, but the results of 
different observers may vary as much as 


20%. AB (4) 


New Method for 
Determining Hydrogen in Steel 
“ESTIMATION OF HypDROGEN IN STEEL.” 
W. C. Newer. Jron & Steel, Vol. 13, 
No. 9, May 1940, pp. 321-323. Descrip- 
tion of apparatus and operation. 

A diagram and complete details of a 
simple apparatus developed at Brown-Firth 
research laboratories in England for the ac- 
curate estimation of hydrogen in metals are 
included with a discussion of its perform- 
ance. Instead of the cumbersome and cost- 
ly vacuum fusion method, this technique 
employs only vacuum heating to tempera- 

tures near 600° C. 

In this thermal range, except in some 
isolated steels, w deat is evolved com- 
pletely from a cylinder Y-in. in diam. and 
l4-in. long in 1 hr. Heating is done by 
means of an ordinary resistance furnace and 
temperatures are measured by a thermo- 
couple. The method satisfactorily checks re- 
sults on identical samples run by the va- 
cuum fusion method. A clever system of 
mercury lift and magnetic rams allows sev- 
eral samples to be run in succession without 
disturbing the vacuum. 
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Curves are included showing the hydro- 
gen content vs. time at several different 
temperatures. At any temperature above 
500° C. the maximum amount of hydrogen 
is evolved in less than 1 hr. For more stub- 
born steels in which lattice variations or 
structural differences set up resistance to 
hydrogen diffusion, this time can be ex- 
tended. A temperature of 400° C. appears 
to be too low for practical purposes as dif- 
fusion is too slow. Above 700° C. small 
amounts of carbon monoxide and nitrogen 
are evolved, so the practice is standard- 
ized at 600° C. for 1 hr. After applying 
this technique to some samples they were 
run in the vacuum fusion apparatus, but 
gave no further hydrogen pickup—attesting 
to the suitability of the method. 

The apparatus not only can be applied to 
a practical estimation of the deleterious ef- 
fects of hydrogen, but possesses the neces- 
sary accuracy for fundamental studies of 
gas-metal equilibria and the solution and 
diffusion of hydrogen in alloys. HFT (4) 


Fatigue Testing of Welds 
“WELDS AND THE TESTING OF THEIR 
EnpuRANCE.” Joun H. Hruska (Elec- 
tro-Motive Corp.) Jron Age, Vol. 145, 
May 16, 1940, pp. 33-37. Descriptive. 


The test method described is claimed to 
be superior to previously used fatigue 
tests of welds. Uniform testing and dupli- 
cable interpolation is possible. Specimens 
may be removed from test plates or fin- 
ished assembly provided they are larger 
than 3144 x 24% in. At times fatigue 
strength should be checked in both the 
longitudinal and the transverse directions. 

A special profile cutter made from high 
grade high-speed steel may be used. The 
test specimens were finished on a surface 
grinder to a thickness of 0.100 in. + 
0.0005 in. Edges were touched up by 
hand polishing. The specimen was inserted 


in the vise of a Krouse constant deflection 
type repeated-bending machine, and sub- 
jected to cycles of completely reversed 
stress. The other end of the specimen is 
clamped into the loading bearing, which is 
activated by the bar of the variable throw 
crank. The throw may be set at any de- 
flection of the cantilever beam. The testing 
machine, which operated at 1750 revers- 
als/min., required a %-h.p. motor. A 
counted located at the rear recorded in 
1,000 r.p.m. 

When fracture of the specimen occurs, 
the rotary motion of the eccentric virtually 
caused the connecting rod to hit the stop 
to the right of the eccentric, automatically 
turning off the switch to the motor. If 
the welds are to be tested under corrosive 
conditions, the vise may be replaced by a 
U-shaped adaptor, and the entire end im 
mersed in the desired solution. 


Determination of the bending stresses 
is based on obtaining load deflection char- 
acteristics for representative samples from 
each series of the tested welds. A simple 
apparatus used by the author consisted of 
an exact copy of the vise of the testing 
machine, with the cantilever end of the 
specimen equipped with an attachment sim- 
ilar to the loading bearing. [Im some lab- 
oratories a vig ts used to calibrate the 
specimen as its own dynamometer while it 
is in place in the testing machine.— 
H.F.M.} 

Point loading, duplicate measurements 
by dial indicators and means for checking 
stresses caused by applied load increments 
were provided. Deflection was selected to 
approach the setting for a given stress in 
the regular tester. Actual data for calcu- 
lating were obtained by interpolation on a 
load-deflection curve. From the figures ob- 
tained, the static bending stresses may be 
computed by the usual flexure formula. 
[ Mr. Hruska states that tests of +ndividual 


welded pieces under service conditions 
would be desirable but are not feasible. 
Tests of full size welded pieces and of 
large welded specimens are in progress in 
at least ome laboratory in the United 
States and in several laboratories abroad. 
Mr. Hruska’s specimens with ground-finish 
surfaces do not give information as to the 
irregular surface at a welded joint. They 
are, however, valuable as giving data as to 
the fatigue strength of the metal in weld. 
in base metal, and in junction metal.— 


H.F.M.]} VSP (4) 
Tests for Heat-Brittleness 


TESTING STEELS FOR EMBRITTLEMENT AT 

ELEVATED TEMPERATURES (“Prufung 

von Stahlen auf Versprédung bei 

héheren Temperaturen’’) E. Sreser & 

K. WeELLINGER. Archiv Eisenhiittenw.. 

Vol. 13, Mar. 1940, pp. 387-396. 
Original research. 


Heating at elevated temperatures has an 
embrittling effect on chromium-nickel- 
molybdenum steels such as are used for 
staybolts. The susceptibility to such em- 
brittlement may be detected by notched- 
bar impact tests after heating to about 
950° F. under a tensile load. As a result 
of this treatment, the grain boundaries are 
more sharply brought out after etching. 

In a chromium-nickel-molybdenum steel 
containing 0.12% C, 0.73 Cr, 1.61 Ni and 
0.79 Mo, the most pronounced embrittle- 
ment took place upon loading and heating 
to 875° F. By loading cylindrical notched 
specimens at 950° F. to fracture, the sus- 
ceptibility of steels toward a brittle type 
of fracture could be determined in a short 
time. Such tests may be useful in de- 
termining whether steels might be expected 


to give a non-ductile type of fracture f 
prolonged service at elevated temperatures. 
{See also the digest “Irons and Steel: at 
High Temperatures” on page 344 of this 
issue. SE (4) 
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(Typical Industrial Radiography Set-up) 
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IN UNITS OF 25 MILLIGRAMS TO 500 MILLI- 
MAY BE LEASED BY THE DAY, MONTH OR YEAR. 


Literature And Information Regarding Rates Will Be Mailed On Request! 





RADIUM CHEMICAL COMPANY « Inc. * 570 Lexington Ave., N.Y. * Chicago: Marshall Field Annex Bldg. 
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Approved 
Testing 


Scott Testing apparatus is a com- 
mon denominator with the firms 
you serve, enabling you to con- 
verse in a universally understood 
“language” on matters of tensile 
strength, compression, flexing, 
etc. 


Scott TESTERS 
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Henry L. Scott Co. 


Providence, R. I. 
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low Speed Polisher 


For extreme accuracy 


in flatness use the 
AS Geav. Bist 
ASSEMBLY, retaining 


graphite and _ inclusions. 


Save time with the 
AB MECHANICAL 
HOLDER and polish 
| to 6 specimens 
simultaneously. 
THE AB SPECIMEN 
CUTTER ASSEMBLY 
offers safe and cool 
cutting of specimens. 
Perfect radial and axial 
alignment, efficient de- 
sign and craftsmanship 
make this cutter an_ in- 
dispensable tool for the 
Metallurgist. The 
Sludge trap drawer 
removes grit and 
waste from the cooling 
fluid and prevents 
clogging of drains. 


METAL MICROSCOPES 
METALLOGRAPHS 
MEASURING 
MICROSCOPES 
SPECTROGRAPHS 


ASK FOR YOUR COPY OF” THE METAL ANALYST” 


Adolph I Buehler 


AL INSTRUMENTS « 
228 NORTH LA SALLE 


METALLURGICAL APPARATUS 


ST.** CHICAGO ILL. 
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Metal Physics 


CRYSTAL CHEMISTRY AND PHYSICS OF 
METALLIC MATERIALS. INTRODUCTION FOR 
ENGINEERS (Kristallchemie und Kristall- 
physik metallischer Werkstoffe. Eine Ein- 
fiihrung fiir Ingenieure). By Franz Halla. 
Published by J]. A. Barth, Leipzig, 1939. 
Paper, 64%4x9¥%4 in., 308 pages. Price 27 
RM. 

The subtitle states that this is ‘‘an intro- 
duction for the engineer.’’ Perhaps the fu- 
ture metallurgical engineer will grasp and 
utilize the high-brow matter included, but 
it's strong meat for the average present- 
day metallurgical engineer, since it deals, 
not with engineering properties, but with 
the laws of physics that underlie the be- 
havior of metals. Many of these “laws” 
are so vaguely understood, and so difficult 
to prove or disprove experimentally, that 
they are hard to grasp, still harder to ap- 
ply. Most of the topics represent a crude 
groping after some plausible theory, whose 
outlines are still too vague to allow its be- 
ing pictured in understandable fashion to 
those who have not already put much time 
upon thinking these matters over. 


This is no criticism of the book, it mere- 
ly means that one needs a point of view 
and a background approaching those of Pro- 
fessors Mathewson and Mehl before the 
book conveys much to the reader. When 
the topics begin to approach the stage where 
the reader is hopeful that engineering data 
will be presented as showing the utility 
of the theory, the author turns to another 
topic, so the net result is a pretty high-brow 
volume. 


Lattice structure, stereographic projec- 
tions, coordination numbers, quantum me- 
chanics in relation to the metallic state, 
single crystals, mosaic structure, kinetic 
theories of diffusion, lattice deformation, 
rolling texture, pole figures, recrystalliza- 
tion, thermodynamics, anisotropy, ferromag- 
netism, etc., are topics dealt with in the 
first half of the book. In the latter half, 
multicomponent systems, solid solutions, the 
iron-carbon diagram, superstructures, inter- 
metallic phases, reactions in solid phases, 


356 





books 


reaction velocity, precipitation, etc., ap- 
proach the more familiar physical metal- 
lurgy more closely. 

The material is hard to read at best, 
doubly so in German. The presentation ap- 
pears as simple as the nature of the ma- 
terial will allow, and is doubtless as ac- 
curate as the state of knowledge will per- 
mit. Many sections are quite brief and 
leave the impression that more should be 
said to clear up the topic. In these cases 
there probably isn’t much more that can be 
said. 

For its type, the book seems very good. 
However, the metallurgical engineer who 
picks it up with the expectation of im 
mediately grasping all the thoughts of the 
theoretical physicist upon metals will find 
that the miracle of making these theories 
easily intelligible to him has not been per- 
formed.—H. W. GILLETT. 


Metaliurgy 


AN OUTLINE OF METALLURGICAL PRAC- 
TICE—SECOND EpiTION. By Carle R. Hay- 
ward. Published by D. Van Nostrand Co., 
New York, 1940. Cloth, 64 x9 in., 690 
pages. Price $7.50. 


The first edition was published in July, 
1929, since which time new metallurgical 
processes have been developed and older 
ones improved. This has happened despite 
the fact that less money has been available 
for research and development, due to the 
depression, says the author. As stated in 
the preface to the first edition, this volume 
is not intended to replace any work which 
has yet appeared, but is designed to occupy 
a new field for satisfying two demands— 
first, to meet the desire of many engineers 
for a quick reference book that will give 
modern practice in extracting and refining 
most of the metals as well as information 
regarding the sources, uses and important 
alloys of the metals; second, to assist stu- 
dents starting metallurgical studies with no 
practical experience and little knowledge of 
the subject. 

The new edition has chapters on the fol- 
lowing metals: Cu, Pb, Zn, Al, Ni, Sn, Hg, 





Sb, As, Bi, Cd, Co, Mg, Be, Au, Ag, Pt 
Cr, W, Mn, V, Mo and Zr, with two on 
Iron and Steel and Non-Ferrous Metals. 
Discussions of beryllium and zirconium are 
added to this edition, and rightly so. The 
chapter on non-ferrous alloys has been 
slightly enlarged and equilibrium diagrams 
brought up to date. Changes in the text 
and in the illustrations have been made 
wherever considered necessary, so as to rep- 
resent modern practice. Modern develop- 
ments which could aptly have been briefly 
included are: Powder metallurgy and metal 
hydrides. 

On the whole the author has done a 
good job and fulfilled the purpose of pro- 
viding a quick reference book for the stu- 
dent in his early years —E. F. Cone, 


German Copper Alloy Handbook 


HANDBOOK OF NON-FERROUS MerTAls: 
COPPER AND ITS ALLOYS (WERKSTOFF- 
HANDBUCH NICHTEISENMETALLE:  Ab- 
schnitte D-F, KUPFER, MEssING UND 
SONDER-MESSING, BRONZE UND RotcGuss) 
Edited by G. Masing, W. Wunder & H. 
Groeck. Published by VDI Verlag, Berlin, 
1940. Paper, 642 x8 in., 160 pages. 
Price 12 RM. 

The German analog of the A.S.M. ‘‘Met- 
als Handbook” is under revision, the re- 
vised parts being supplied from time to 
time in loose leaf form. This section deals 
with copper and copper-base alloys. 

Although nearly every part has been com- 
pletely rewritten, comparison with the 1927 
edition shows relatively few changes. Small 
amounts of additional information are given 
throughout. Much fuller as well as more up 
to date treatment is given to condenser tub- 
ing, rolled bronze, soldering and welding, 
effect of temperature on properties and in 
the equilibrium diagrams for copper-zinc 
and copper-tin alloys. A few new refer- 
ences are given, but the documentation is 
sparse. 

One is justified in concluding that metal- 
lurgical engineers knew pretty nearly as 
much about copper and its alloys a dozen 
years ago as they do now.—H. W. GILLerTT. 


Other New Books 


ALLoy IRON AND STEELS—PatTENT COLLECTION 
(E1sEN- UND STAHLLEGIERUNGEN  PATENT- 
SAMMLUNG) Ist Part of Second Supplementary 
Volume of Gmelins Handbuch der anorgan- 
ischen Chemie, 8th Edition. By B. Habbel & 
A. Griitzner. Published by Verlag Chemie, 
Berlin, 1940, Paper, 7 « 10% im., 623 pages. 
Price 47.25 RM. This section covers patents 
issued in Australia, Belgium, Canada, Czecho- 
slovakia, Holland, Italy, Poland and Russia 
and embraces silver-to-uranium alloys, with 
vanadium-to-zirconium to come later. 


NaTIonaL Paysicat Laporatory Report FOR 
tHE YEAR 1939. Published by H. M. Statsonery 
Office, London, 1940. Paper, 6 * 9% ™., 100 
pages. Price 75c. Briefly describes topics 
under study in all branches of the N.P.L._ im 
cluding metallurgical projects in the engineering, 
metallurgy and physics divisions. 


Prastics in Enoineertnc. By J. Delmonte. 
Published by Penton Publishing Co., Cleveland, 
1940. Cloth, 6 9% im., 465 pages. Price 
$7.50. Design and manufacturing problems in 
the use of plastics are featured. 


Simpte Metuops of ANaLyzinc PiatinG So 
Lutions. Firra Epition. Published by Haw 
son-Van Winkle-Munning Co., Matawan, N. J 
1940. Paper, 5 « 7% in., 40 pages. Free on 
request of publisher. 
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MICHAEL FARADAY) 


Not only a metallurgist of great renown, who first 
realized the importance of investigating the proper- 
ties of iron alloys, but generally recognized as the 
greatest of all electrical scientists whose researches 
are the foundation of that subject, Michael Faraday 
first proved the principle of current induction and 
invented the dynamo. 

Electrical power, the most indispensable power of 
modern industry, owes its existence to the broad 
vision of Faraday. 


Ca 


ey / THE ELECTRO ALLOY: v 
I HEAT COME NYA 


.LVyH 


SEPTEMBER, 1940 








shop notes 





“Cold Shot” on Die Castings 


by H. R. Isenburger 
St. John X-Ray Service, Inc. 


A manufacturer of die castings recently 
reported considerable trouble with so-called 
‘cold shot’ on the surface of his castings. 

The die castings involved were two small 
automotive equipment housings made in one 
die. The metal was a zinc alloy, and the 
cross-sections of the castings varied from 
very thin to comparatively heavy. The two 
die castings, complete with gate and over- 
flows, were subjected to X-ray inspection. 

The exograph, reproduced herewith, in- 
dicates that the flow of metal is uneven, 
with the metal cooling too fast in certain 
parts of the die. This condition is very 


often the cause of ‘‘cold shot’ surfaces, and 
can usually be overcome by appropriate 
modification in gate and overflow design. 
The changes recommended for the die cast- 
ing under discussion are indicated by the 
drawn-in lines on the illustration. 

Thus, part of the gate should be elim- 
inated where it feeds into the die castings. 
Two additional runners from the gate 
should feed the castings on each side. The 
overflows could be somewhat larger, and 
two additional small ones could be added, 
although the last may not be absolutely 
necessary. 








Copper Plating and Tinning of 
Bearing Shells for Babbitting 


by W. H. Tait 
International Tin Research 
and Development Council 


Bearing shells should be tinned before 
babbitting, and with shells of cast iron or 
alloy steel the best results are obtained by 
depositing a thin adherent coating of cop- 
per before tinning. In order to obtain good 
adhesion of the intermediate layer of cop- 
per, it is essential to etch the shells ano4d- 
ically before plating them. 

Use of the method described below 


ilas 


resulted in specimens that under tensile test 
actually broke in the cast iron while the 
bond between the white metal and the cast 
iron remained sound. 

The shells should be degreased by heat- 
ing in a low-temperature oven if the cutting 
oil used is volatile. Trichlorethylene vapor 
degreasing is suitable for shells on which 
mineral-oil lubricants were used. Best prac- 
tice is to use a soluble cutting oil and de- 
grease in a boiling caustic solution such 
as the following: 

Washing soda 
(sodium carbonate) ..... 6 
Caustic soda 
(sodium hydroxide) ..... 2 


Trisodium phosphate ....... 2 
Sodium metasilicate ....... 2 


A few minutes in this bath will : ve 
soluble oils, but an hour or two may be 
necessary for mineral oils although some 
proprietary detergents are able to re:nove 
the latter in 5 or 10 min. Cathodic de- 
greasing in a boiling alkaline bath is also 
very effective; the bath is contained in an 
iron pot connected to the positive poles of a 
12-volt battery, with the negative pol con- 
nected to the bearing shell. 

For anodic etching, the degreased | is 
attached to the positive pole of a 1.-volt 
battery, the other pole of which n- 
nected to a lead-lined tank contain 50 


per cent cold sulphuric acid (Sp. G. 1.40). 
The shell is lowered into the acid, and at 
first the surface of the shell blackens, but 
after 15 sec. it clears to a silvery gray and 
begins to evolve oxygen freely—an indica- 
tion that the etch is adequate. 

The shell is removed from the etching 
bath, rinsed and transferred to a standard 
cyanide copper plating bath. A layer of 
copper 0.002-0.063 in. thick should be de- 
posited; this will require from 1 to 2 hrs. 

The copper-plated shell is now ready to 
be brushed with flux and immersed in the 
tinning bath. Copper tins very readily at 
465 to 485 deg. F.; if higher tempera- 
tures are used, the copper coating may 
removed and the non-tinnable cast iron of 
steel exposed. 





Heat treaters are always looking for 
simple methods of keeping work off the 
hearth in box type hardening furnaces, A 
cast alloy grid having 6 small legs has 
been found very suitable for this purpose. 
By loading heavier work on this grid rather 
than directly on the hearth, heating time #8 
speeded up considerably and temperature 
uniformity is improved. The legs can be 
rounded to avoid digging into the hearth as 
the grid is pushed in and out. 


—Heat Treating Hints, Lindberg Engineering Co. 
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Salt Baths for Nickel 


by W. A. Mudge 
The International Nickel Co., Inc. 


The use of molten salt baths for anneal- 
ing small wrought parts of Monel and 
nickel is often advantageous. 

A mixture of 56 per cent sodium car- 
bonate and 44 per cent sodium chloride (by 
weight), which melts at about 1180 deg. 
F., is highly satisfactory up to 1500 deg. F. 
Because of the intimate contact between the 
parts to be annealed and the molten salts, 
the former quickly reach the bath tem- 
perature, and after 20 to 60 min. the parts 
may be withdrawn, quenched in water and 
flash-pickled to remove oxidation and traces 
of adhering salts. 

This final pickle is necessary if a bright- 
surfaced article is required, since salt an- 
nealing of these metals is not bright anneal- 
ing. For flash pickling, the following solu- 
tion, used at 70 to 100 deg. F. in earthen- 
ware, glass or Ceramic containers, is satis- 


factor) 


W ate? «ston nees cee ees ° 1 gal. 

Sulphuric Acid (60° Be)... 1% gal. 

Nitric Acid (38° Be)........ 2% gal. 

\llow to cool and add % Ib. of 
mon salt. 


The operator should always be certain 
that the salt bath is sulphur free. This can 
be done by exposing thin strips of Monel 
or nickel in the molten salt for 4 to 6 hrs., 
then removing, quenching and finally bend- 
ing tv determine the presence or absence 
of int-rgranular attack. 

Salt baths containing harmful sulphur 
may b: made innocuous by treatment with 
a 25 per cent finely-ground charcoal and 
75 per cent borax mixture (by volume). 
This s!|:ould be added to the molten salts 
and stirred intermittently for about 4 hrs. 
The ectiectiveness of the addition may be 
determined by the exposure test just de- 
scribed 

The presence of the small amount of 
borax in the bath will also assist in the 
removal of small particles of adhering salt 
on quenching and flash pickling. 


In cutting steels with carbide tools, tool 
life is markedly increased by the use of 
coolants, particularly soluble oil. The cool- 
ant pump, tank and pipe should be of large 
capacity to assure ample volume of coolant. 
The latter should leave the nozzle under 
Sufficient pressure to force it against the 
tool and the work, and should be so di- 
rected that the obstruction caused by the 
rapidly-forming chip does not interfere 
with the flow. This can be accomplished 
by piping the coolant from beneath the tool 
or from each side thereof—“Recommenda- 
tions for Machining Steel,” Carboloy Co., Inc. 


Iron Fireman stoker transmissions em- 
body forged gears, according to the manu- 
facturer, because the forgings are of uni- 
form density and free from blowholes, be- 
Cause grain structure can be controlled to 
Provide maximum strength at a given point, 
and because the smooth, clean-surfaced 
Sears lend themselves to fitting into jig 

more easily.— Drop Forging Topics, 
Forging Assoc. 
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Torch Brazing a Broken Tool 


by R. N. Chapin 
Air Reduction Sales Co. 

Sometimes a shop is faced with a real 
problem when an expensive cutting tool 
breaks and the expected delay in replacing 
it threatens to disrupt production schedules. 
If the break is clean, it can often be re- 
paired, but the joint must usually be made 
by some method that does not affect the 
hardness of the cutting edge. Under such 
circumstances, a satisfactory and highly eco- 
nomical job can often be done by silver-alloy 
brazing as the following case history in- 
dicates. 

At the plant of the S. & S. Corrugated 
Paper Machinery Co., Inc., Brooklyn, N. Y., 
a high speed steel broach used in cutting 
¥-in. keyways broke in service. The tool 
is used constantly on a variety of work 
and delay in replacing it would be as seri- 
ous a matter as the cost of a new tool 
($72.75). It was therefore decided to braze 
the break with a silver alloy (Easy-Flo, 
manufactured by Handy & Harman, New 
York) that runs freely at a low tempera- 
ture, 1175 deg. F., and to join 2 reinforc- 
ing strips of high speed steel to the sides, 
as shown in the illustration. 





The sides of the broach were undercut 
lg in. for a distance of 13% in. on both 
sides of the break on a surface grinder. 
These surfaces were then cleaned thorough- 
ly and covered with a suitable flux (Handy 
Flux, also made by Handy & Harman, was 
used) which is completely liquid at 1100 
deg. F. The two high speed steel reinforc- 
ing strips were formed to fit the recesses cut 
in the sides of the broach and were also 
fluxed. Then the joint was assembled with 
inserts of the brazing alloy in the form of 
0.005 in. sheet between the reinforcing 
strips and the body of the broach, and the 
whole clamped together. 

Heat was applied to the side opposite the 
cutting teeth, using an oxyacetylene torch 
with a No. 5 Airco tip regulated to a soft 
(reducing) flame. At a faint-red, even heat 
the brazing alloy insert melted and pene- 
trated the fracture, joining the carefully 
butted broken parts. Air cooling followed, 
because of the type of steel involved. 

The joint was sound, the cutting edge 
hardness had not been affected, and the 
broach did not warm to a harmful degree. 
The repaired broach has been in regular 
service for over 3 months and is doing its 
job as well as a new tool. The total mate- 
rials and labor cost was only $6.60 (of 
which only $0.60 was gases, brazing alloy 
and flux)—a considerable saving over the 
$72.75 new-tool cost. 


In splicing the ends of aluminum cable, 
steel-reinjorced, the aluminum outer strand- 
ing must be cut back, but the center steel 
reinforcing must not be even nicked. Bet- 
ter for this job than bolt cutters (which 
ultimately sever the cable completely) or 
hack saws (which are tedious) are ordinar) 
cow dehorners, which do a perfect trim- 
ming job in a jiffy. Stops on the dehorner 
allow the aluminum strands to be trimmed 
back without nicking the steel core. 

Aluminum News Letter, Aluminum Co, of 


America. 


Straightening Bent Shafts 


by A. B. Gordon 
Linde Air Product # 


Shafts are often bent through mechanical 
or thermal damage in service, or warped in 
treatment, fabrication or service. For straight- 
ening such shafts, the oxyacetylene blow- 
pipe can be most conveniently and econ- 
omically used. 

A common procedure is, first, to set up 
the shaft in a lathe and rotate it in order 
to find the bent section, using a clock mi- 
crometer as illustrated in the sketch. The 
shaft is rotated 360° to measure the dif- 
ference between the maximum and mini- 
mum throw of the bent section. The out- 
side of the bend is next positioned at the 
bottom and the bent area heated to a visible 
red with the blowpipe, as shown. 

Pressure is then applied to the heated 
area with a crowbar blocked up on the 
lathe bed to force the warped section back 
into line. The shaft is pried upward one- 
half the amount of throw and then is 
checked again for trueness; the entire pro- 
cedure should be repeated, if necessary, 
until the shaft is absolutely true. 

In an alternative method, wedges of the 
correct size are driven between the outside 
of the bend and the lathe bed, and the shaft 
is heated at the inside of the bend so that 
the stress set up by the driven wedge will 
force the shaft back in line. 

If the bent shaft is too long to be set 
up in a lathe, it may be left in its hangers. 


Center Center 
‘.. Heat cross-hatched area,” 








‘Tool rest 


Clock micrometer’, ¢--Lathe bed 
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After checking the hanger bearings for 
firmness, a measuring fixture comprising a 
clock micrometer blocked against the ceiling 
may be employed as above to determine the 
point and amount of bend. The outside of 
the bend is then positioned at the top and 
the high spot is heated with the blowpipe 
and forced back into line by means of a 
jack with its base blocked against the ceil- 
ing. The shaft is jacked downward a little 
more than half the amount of throw meas- 
ured by the clock micrometer, then heated, 
remeasured, and reheated and straightened 
again, if necessary. 
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plied as electric or air-operated controllers. 
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FOR 
22 YEARS WE HAVE SPECIALIZED ON DIES. TOOLS a 





Next to using high-grade materials and skilled workmen at the Perfection Tool & Metal Heat Treating Company, 
Chicago — the first essential in the treatment of metals is accurate measurement and positive control of furnace 
operation. 


Twenty-two years separate the first and the latest installations of Brown Pyrometers installed at this plant. Here, 
temperature is a vital factor in producing quality and we are proud of the part entrusted to Brown Millivoltmeters 
and Potentiometer Pyrometers which aid in standardizing quality and reducing costs by elimination of rejects. 


Brown Pyrometers have not only been designed for extreme accuracy but they are the choice of exacting metal- 
lurgists who want dependability, ruggedness and low maintenance. 


They may be selected for any measurement and control problem, regardless of size or complexity . . . For any 
type of furnace, oil, gas or electric. What they are doing for others, they can do for you. 


Catalogs describing Brown Pyrometers and Minneapolis-Honeywell Controls will be gladly sent on request. 
Write THE BROWN INSTRUMENT COMPANY, a division of Minneapolis-Honeywell Regulator Co., 
4517 Wayne Avenue, Philadelphia, Pa. Offices in all principal cities. Toronto, Canada: 117 Peter Street — 
Amsterdam-C, Holland: Wijdesteeg 4 — England: Wadsworth Road, Perivale, Middlesex — Stockholm, Sweden: 
Nybrokajen 7. 
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